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WILLIAM F. XICKEF.. M.D. 

NEW YORK 

-AND 

F. C SCH.MELKES, Pii.D. 

I)EI.1.EVII.LE, K. J. 

The present clay trcatnient of hums, particularly their emergency 
Itandling in large numbers of cases under conditions encountered in 
U'arfare, leaves much to be desired. 

This paper deals with the local treatment of second degree burns, 
in which by definition the epidermis is not completely destroyed but 
in which the lesion may involve all the superficial layers down to the 
stratum germinativum from which the mature epithelium originates. 
Third degree burns present another problem ; obviously if the epidermis 
is completely destroyed, the wounds must heal by granulation or second 
intention and therefore probably require some form of grafting. 

Most of the widel}" used methods of treating burns have as their 
object the formation of an eschar over tire burned area beneath which 
healing and epithelization can take place. This eschar is usuall}' pro- 
duced by^ repeated application of solutions of various drugs or drug 
combinations with the common property of coagulating proteins, e. g. 
tannic acid, silver nitrate, gentian violet (methylrosaniline). While 
some of them have bacteriostatic properties, it is necessary to start 
with a clean uninfected surface adequately prepared surgically if infec- 
tion beneath the eschar is to be precluded. 

Recently, an improvement in this therapy has been made b}' Pickrell ^ 
witli the development of a water-triethanolamine solution of sulfadiazine 
(2- [paraaminobenzenesulfonamido] -pyrimidine) containing meth 3 dcellu- 
lose. With this solution no coagulation of proteins takes place. The 

From the Department of Surgerj', New York Hospital, Cornell Universih- 
Medical College and the Research Laboratorj-, M’’allace & Tieman Products, Inc. 

1. Pickrell, K. L. ; Personal communication to the authors. 
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eschar is formed by the precipitated melhylcelkilose atid built uji to the 
required thickness by repeated sprayings. 'I'lie sulfadiazine reduces 
the incidence of subescharotic infection. 

The objection to all of these methods of trcalmcnl is twofold. One 
is that they require the more or less constant attention of a trained 
attendant until the eschar is formed ; this may take many hours. The 
other is that in the production of the eschar a certain number of layers 
of viable epithelium are destroyed; this is amjdy demonstrated to any 
one who has tried to remove an eschar from a burned surface only to 
find a raw bleeding surface or a la)'cr of pus beneath. This is particu- 
larly important in the treatment of second degree burns in which the 
epithelium is not completely destro3'cd. The rapidity with which cpi- 
thelization in these second degree burns lakes place depends directly on 
how much viable epithelium remains below the burned surface in the 
form of unharmed epidermis and hair follicles and the care with which 
this epithelium is protected. 

Petrolatum gauze, either alone or in combination with one of the 
sulfonamide compounds, comes closer to meeting the requirements of 
an ideal local application, but this is also time consuming, and if 
a method of immobilization and sterilization by surgical technic is 
employed, it becomes even more so. It does not, however, harm sur- 
face epithelium, and if gently removed so that there is no tearing of 
epithelium as evidenced by absence of bleeding, it comes closer to meet- 
ing the requirements of ideal local treatment. 

In order to make available a standard method of therapy which 
would allow rapid epithelization of burns by relatively untrained 
attendants, we have experimented with the method of therapy herein- 
after described. In our limited experience, it has proved more suitable 
to the treatment of second degree burns than any other method that 
we have used. 

Hydrated films were prepared from a hydrophilic cellulose derivative,^ 
into which the various chemotherapeutic agents were incorporated. These 
transparent, thin, light and tough films have the useful pi-operty (due 
to the hydrophilic nature of the plastic employed) of becoming pliable 
when placed in contact with the moist surface of a burn and of follow- 
ing intimately its delicate contours. Moreover, they adhere closely, 
remain transparent, permitting observation of the healing process beneath 
it, and are easily removable by simply sponging with water. If excessive 
oozing threatens to disintegrate the film, a second or third’ layer can 
be applied over the first, thus restoring the strength of the membrane. 

2. The cellulose derivative employed at present is methylcellulose. It is likely 
that other hydrophilic derivatives would be equally satisfactory. These films arc 
not yet on the market. 
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Also, by moiiiuing tlicsc films on gauze, one can give tliem aflditional 
strength, and tlicy can be made into sliecls large enough to encircle the 
torso of an adult. 

In medicating these films we have availed ourselves of the latest find- 
ings in the field of chemotherapy. Having made observations indicating 
that azochloramid may inactivate inhibitors of the action of sulfonamide 
compounds \ve used this principle to advantage in our work. ,‘\lso, the 
recent findings that the eflectiveness of sulfanilamide can be stepped 
up to nearly equal that of sulfathiazolc (2-[paraaminobenzenesulfon- 
amido]-thiazole) or sulfadiazine by adjusting the gn to a slightly alkaline 
reaction was utilized aiid thus full advantage taken of the greater solu- 
bilit}' of sulfanilamide compared with that of the other sulfonamide 
compounds. We have clinically c.Kperimented with such membranes con- 
taining 10 per cent sulfanilamide and buffer, with and without quantities 
of azochloramid. These films are therefore veritable preformed chemo- 
therapeutic eschars. 

Clinically, these membranes have been applied in 10 cases with such 
e.\ceptional success and have shown such obvious advantages over other 
methods of therap}' for burns that we feel justified in presenting this 
preliminar)' report. 

These cases represent the last 10 consecutive burns treated in New 
York Hospital. Five of the patients had severe enough burns to require 
hospitalization. One of them had several small areas of third degree 
burns on the dorsum of the ankle, and these areas were not treated 
with the preformed membrane. In the remaining 5 cases the burned 
area involved one or more of the extremities, and the patients were 
treated as ambulator}’^ (table). 

The longest elapsed time required for complete healing (such that 
the patient could actually return to work) was twent 3 --one days. This 
occurred in a patient who was burned about the head so extensively 
that his entire crop of thick hair and his eyebrows were burned down to 
within a few millimeters of the skin. There were second degree burns 
of the entire scalp, the face, the ears and the hands. Some difiScult}^ 
was encountered in applying the membrane to the ears and these areas 
were slower than the others in healing. This patient required nine days 
of hospitalization with several plasma transfusions to combat loss of 
fluids and edema. 

The 1 patient with both second and third degree burns required 
six days to completely epithelize his second degree areas beneath the 
cellulose membrane and thirt 3 ^-six days to heal his third degree by second 
intention. 

The 5 patients hospitalized spent an average of seven and six-tenths 
days in the hospital and required an average of thirteen and two-tenths 
daj’S for complete epithelization. 
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CI17 

Healed completely 

Membrane removed 

1» 2 


C/21 

Second denrec bum' on p.nlin' 
and fliiRcr tips of Imtli iiands 
and riRht forearm 

Dlbrldement: mernbrnne 
applied 



C/22 

OozlnR but clean 

•Membrane reneaed where 
necessary 



C/IC 

Lcukocyllc layer formed 
beneath membrane 

Membrane and leukocytic 
layer removed; new 
membrane applied 



G/2T 

Both hands Infected; mem- 
brane disintegrated: arm 
heated 

Sulfadiazine powder to 
right; membrane to left 
hand 



7/G 

Left hand healed completely: 
few areas of granulating tissue 
remained on right hand 

Sulfadiazine powder to 
right hand 

10 2 

M 

(./23 

Bilateral second degree burns 
on the nnteridr part of the chest 

DiSbridement; membrane 
applied 



0/21 

G/27 

Clean 

Discharged 

Membrane partially 
renewed 



T/1 

Practically healed in 7 days 

Membrane removed 


♦ The proprietary preparation used was essential)}- tlie same as cataplasm of kaolin. X. F. 


The 5 ambulatory patients required an average of eleven and six- 
tenths da3’^s for complete epithelization. This represents a total average 
of twelve and four-tenths days for the 10 cases. 

Admittedly, in none of these cases was the condition of the most 
severe type, nor were any of the patients in shock ; onlj" 2 of them required 
plasma transfusions, but on the whole the average length of hospitali- 
zation was much shorter than that of 103 patients hospitalized between 
1932 and 1941, for whom tlie average was twenty-five days. 

In treating these bums we have used the following technic: When 
the burn is first seen in the accident room, it is debrided and cleaned 
with solution of sodium chloride or boric acid or azochloramid and 
sodium chloride as thoroughly as possible, sterile gloves and towels 
being used but no anesthesia. All dead skin is removed at the first 
treatment. Cultures and smears are then taken. The preformed mem- 
brane is then applied directly to the raw oozing surface, the tissues 
being relied on to furnish sufficient moisture for the membrane to 
adhere. 

A dry sterile dressing is then placed over the membrane and held by 
plain gauze bandage. 

For the first three or four daj's there is a steadj" outpouring of 
serum from the tissues. During this period the membrane mav tend 
to disintegrate, sometimes requiring additional layers over it. Occa- 
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AUUUl'liS ni- 

sionallv. il lias lircn iifocss.-uy ti. rrir.MV.- thr r-ni.it 

under il can UMiallv lie iniiiid a -<<h i!ia'>l'- l:‘yer " 

enmeshed in fibrin which rea.lily peels ..ft th- huriird Mtrtace. Ic.uui, 

a clean glistening surface beneath; to this a new inetnlnan- (••ti 

be applied. 

When this layer of leukocytes is examined microse.->|.u-ally, U-siw 
only a few bacteria are \iresenl, ami these when fonml are frequent} 



Fig. 1. — Photomicrograph of a leukocytic membrane beneath a chemother 
peutic film. 

intracellular. This outpouring of leukocytes may be enhanced by 
chemotactic effect of the cellulose membrane or some of its constituents. 

No attempt has been made so far to use sterilized preformed 
membranes, but this can be done and is contemplated. However, dai y 
smears and frequent cultures were taken. The smears usually fail to 
show bacteria, although cultures invariably show staphylococciis or 
nonhemolytic streptococcus before, during and after healing has taken 
place. Occasionally other organisms also are found. 
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We have routinely taken smears from the most exjinsed and 
dirtiest-looking portions of the burned areas and tlien counted twenty 
oil immersion fields and averaged the count. If this was above twenty, 
it was called infinity. The results were then plotted as sliown in the 
e.xample given in figure 2. 

After the cellulose membrane is removed, any small moist areas 
remaining are powdered with buftered sulfanilamide powder, and a dry 
dressing is applied directly over them. The dressing is removed in a 
day or two and the application repeated if necessary. However, in most 





Fig. 2. — Bacterial counts taken on smears from patient 6. The infecting organism 
was Staphj-lococcus albus. The high count on the sixth day was obtained from a 
small infected area. 

cases a crust forms under which healing takes place rapidly, and no 
further dressing is necessar 3 ^ 

We have experimented with several different thicknesses of pre- 
formed eschar but find the thinner ones easier to appl}”^ and more 
readily replaceable. 

In 3 cases the sulfanilamide concentration in the blood also was 
determined. The results indicate that only small amounts of the sulf- 
anilamide have been absorbed. Three determinations yielded 0.0, 0.35 
and 0.65 mg. per hundred cubic centimeters. In none of the cases was 
there any manifestation of toxicity due to sulfanilamide. 

Apart from the good clinical results obtained in these 10 cases, the 
obvious advantages of this form of treatment are its ease and rapidity 




8 


ARCHIVES OF SURGERY 


of application. Given the sudden incidence of a large number of burns 
(on board a ship for instance), this membrane can be applied quickly 
and easily and can be held in the proper position by a dry dressing 
placed over it. The membrane can be applied by any one trained in 
first aid. It obviates the necessity of applying ointments, salves or 
jellies. If it is desirable to remove the membrane, it need merely be 
moistened with sterile water or solution of sodium chloride. Another 
prartical advantage of this medication is that the material used for it 
IS hght and not bulky. A few grams of the membrane replaces bulky 
an eavy containers. This aspect may be of prominent importance 
when shipping space is scarce. 

Note. Since this report was submitted, 10 additional cases of severe 
^cond degree burns have been treated in this clinic by this method. 
Ihe average healing time in these was nine days, and the patients 
include a 15 month old child with a burn involving 55 per cent of the 
sur ace of the body and a Negro man 21 years of age with 35 per cent 
of the surface involved. Both were completely healed within twelve 
days. In the later cases the method employed has been essentially the 
same as t at detailed in the article except for the use of pressure dress- 
ings in some cases. 

525 East Sixty-Eighth Street, New York. 

Wallace & Tiernan Products, Inc., Belleville, N. J. 



GALLSTONE ILEUS 


PAUL R. niNXHIA'. M.I). 

SAI.KM, MASS. 

A series of 6 cases of gallstone ileus at the Salem Hospital from 1938 
to 1940 has focused m}- attention oti this unusual form of intestinal 
obstruction. In the twenty-five years from 1915 to 1940 this diagnosis 
has been confirmed in 13 cases at the Salem Hospital. This series is 
one of the largest to be reported from one hospital. Balch ’ listed only 
10 cases from the Massachusetts General Hospital, Boston. Likewise, 
at the iMayo Clinic, Rochester, -Minn., Wakefield. Vickers and Walters - 
found only 10 cases. Yet the incidence of intestinal obstruction in these 
institutions is of course much greater than in the Salem Hospital. 

According to the literature, intestinal obstruction is due to a gallstone 
in about 1 to 2 per cent of the cases. In this series gallstones were 
responsible in 6 per cent. In 1925 Moore ^ made an estimate of 400 
reported cases of ileus due to a gallstone. Since then hundreds of 
additional instances have been recorded ; hence single case reports now 
have little value unless some unusual feature is present. In recent years 
much progress has been made in the diagnosis and the treatment of 
obstruction of the bowel. The reported average mortality of 50 per 
cent for gallstone ileus is sufficient warrant for the study of a significant 
group of cases of this condition, from the standpoint of modern diagnosis 
and treatment. 

AGE 

One obvious reason for the high mortality associated with gallstone 
ileus is the advanced age of the patients. In my series the average age 
was 66 years. Balch ^ and Borman and Rigler * reported an identical 
average age for their groups of patients. The youngest patient in m}" 
series was 50 years old. The oldest, a 79 year old woman operated on 
by me, recovered from two attacks of gallstone ileus, each necessitating 

From the Surgical SeiA-ice, Salem Hospital. 

1. Balch, F. G., Jr.: Gallstone Ileus, New England J. Med. 218:457, 1938. 

“• V^akefield, E. G. ; "X'ickers, F. ^I., and Walters, W. : Gallstones Causing 
Intestinal Obstruction, Surgerj’ 5:670, 1939. 

3. Moore, G. A.: Gallstone Ileus, Boston M. & S. J. 192:1051, 1925. 

4. Borman. C. N., and Rigler, L. G. : Spontaneous Internal Biliarj’ Fistula 
and Gallstone Obstruction, with Particular Reference to Roentgenologic Diagnosis, 
Surgery 1:349, 1937. 
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jejunotomy, and is therefore the oldest recorded patient to sundve 
recurrent ileus. Several authors, however, have listed recoveries from 
a single episode in patients over 80 years of age.® 


SEX 

All authors have found a much higher incidence in female patients, 
out of proportion to the commoner occurrence of gallstones in women. 
The ratio is about 5:1. In the 13 cases at the Salem Hospital there was 
only 1 man. 

MORTALITY RATE 

In the present series the mortality rate was 46 per cent, if 1 non- 
operative patient is included. This patient had definite, incomplete ileus 
clinically and roentgenologically at the time of entry into the hospital. 
A gallstone impacted in the rectum was dislodged digitally. Excluding 
this case, the mortality rate is 50 per cent, which coincides with an 
average figure obtained from the literature. Grey -Turner had 8 
recoveries in 10 operative cases; in contrast, Moller ® reported. an 89 per 
cent mortality rate. 

BILIARY FISTULA 

Practically all gallstones which cause ileus are dislodged into the 
intestines through a cholecystoenteric fistula. The subject of spon- 
taneous internal biliary fistula has recently^ been reviewed compre- 
hensively by Borman and Rigler. Fistulas of this type are a fairly 
common complication of long-standing disease of the biliary tract. 

In the opinion of most authors an attack of acute cholecystitis subse- 
quent to previous cholelithiasis is often complicated by the intimate 
culhercnce of the gallbladder to an adjacent viscus, usually some portion 
of the gastrointestinal tract. However, many patients give a history of 
long-standing cholelithiasis only, and in some there is little or no 
evidence of a previous pathologic condition in the gallbladder. Borman 
and Rigler expressed the opinion that obstruction of the common duct 
by a stone in the presence of a patent cystic duct is the initial factor in 
the formation of a fistula. In 109 cases of biliary fistula described by 
Bernhard.' stones were demonstrated in the common duct of 55 patients. 

I he pr esence of cholcdocholithiasis may be demonstrated at operation 

^ .. lurinr. G. G. ; A Giant Gallstone Impacted in the Colon and CansinR 

.•\r;ue Ohstrnct'.on, Brit. J. Sucr. 20:26, 1932. 

1- and Peterson. F. R.; Intestinal Obstruction Due to Gall 
XV r.c- Kcport of Ten Ca=cs, ,\rch. SurR. 38:351 (Feb.) 1939. Moller, cited l).v 
rc ■ 

, , ' F. D'.;; ‘pontanen inneren Gallenfisteln und ihre operative 

• ' £) ; Qjjr 242:d93. 1034, 
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(ir at autopsy, lii 4 of 6 fatal ca.'^cs of tjallstonc ileus at the Salem Hos- 
pital autopsies were performed. In 2 patients the common duct was 
extremely dilated and contained many stones. In the remaining 2 the 
duct was definitely dilated and in I instance filled with sandy fluid. It 
seems a reasonable assumption that obstruction of the common duct is 
a prominent factor in the production of this fistulous drainage of the 
hiliar}- tree. It follows that the occurrence of cholccystoenteric fistula 
may be a life-saving accident, as Dean ® emphasized, since dilated infected 
biliary radicles can then he drained into the intestine despite the obstruc- 
tion of the common duct. 

In the large group of 176 cases of cholccystoenteric fistula from the 
Mayo Clinic, in all of which the condition was due to gallstone ulceration 
(rather than, for instance, to carcinoma), the sites of the fistulas were 
as follows: cholecystoduodenal in 101 cases; cholecystocolic in 33 cases; 
cholecystogastric in 7 cases ; multiple in 1 1 cases. 

In 24 cases the gallbladder had ruptured and stones had been dis- 
charged into the abdominal cavity. The cholecystocolic fistulas have 
little bearing on the problem of subsequent ileus, because stones 
ulcerating into the large intestine are usually defecated uneventfully. 
In addition to being in the intestinal tract, fistulas have been reported 
as emptying into the bronchial tree, the pleural and pericardial cavities, 
the pelvis of the kidney, the gravid uterus and ovarian cysts. 

It has been argued that fewer cases of cholccystoenteric fistulas and 
gallstone ileus will occur in communities in which early operation is 
frequently performed for acute cholecystitis. It is certainly true that 
such complications can be largety prevented by earlier operation for the 
predisposing chronic disease of the biliar}' tract. It is not easy to 
determine from the history how often acute cholecystitis is a factor. 
The symptoms suggesting an attack of acute cholecystitis may closely 
resemble those due to biliary colic. Likewise, the symptoms which may 
attend the migration of a stone from the gallbladder to the intestine some 
months or perhaps years prior to the occurrence of ileus are not unlike 
those associated with an attack of acute cholecystitis. Case 1 illustrates 
five characteristic stages in a case of gallstone ileus : ( 1 ) antecedent 
acute cholec)'Stitis ; (2) chronic cholelithiasis; (3) the passage of a 
gallstone through the fistula into the intestine; (4) the recurrent bouts 
of intestinal colic; (5) the final ileus due to the impacted gallstone. 

C.\SE 1. — A. J., a 49 year old woman, had had postprandial epigastric bloating 
and tenderness in the epigastrium for four years prior to her first entry into the 
hospital. In October 1937, two and one-half years prior to her gallstone ileus, 
.'he had been hospitalized for three weeks at the Salem Hospital because of an 
attack of acute cholecystitis. At that time she had had nausea, vomiting, fever 


8. Dean, G. O.: Internal Biliary Fistulas, Surgery 5:857, 1939. 
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and pain in the riplil upper (inadrant of tlie alidoim-n. A tender f^alildadder was 
palpated. Slie had no jaundice. A cholecystof’ratn revealed a nonfnnclioning 
gallbladder. This attack snltsided readily, and operation was withheld because of 
her cardiac condition. She continued to experience epigastric bloating two or three 
times a week. 

Two and one-half months prior to the onset of ileus she e.xpericnccd a sudden 
epigastric sensation of "something swelling as though it were going to burst or 
blow up inside of me.” It seems iiroI)al)Ie that the large gallstone passed into the 
intestine at that time. 

Five weeks before her present entry, her physician thought she had intestinal 
grip, because of vomiting, diarrliea and perinmlnlical cramps. This episode lasted 



Fig. 1 (case 1). — lliis huge gallstone impacted in the rectum broke in halt 
during digital removal. 


two weeks, and a similar occurrence took place one week prior to entry, with 
severe midabdominal cramps and vomiting but with no distention. 

At her entry, in March 1940, a rectal examination disclosed an impacted gall- 
stone low in the rectum, visualized in the flat plate of the abdomen made on 
admission to the hospital. The stone broke in half on digital removal (fig. !)• 

A cholccystogram showed a nonfunctioning gallbladder. Linear shadows of 
diminished density in the right upper quadrant of the abdomen suggested gas-filled 
biliary ducts. An enema of barium sulfate revealed extravasation of the contrast 
medium from the region of the hepatic flexure into the biliary ducts and thence 
to the stomach and the duodenum (fig. 2). A diagnosis of cholecystocoHc fistula 
was made. .'Mthough operative intervention was not required, the character of 
the t)atient s symptoms warranted the diagnosis of actual incomplete ileus. Closure 
of her fistula was discussed, hut in the absence of .symptoms of cholangitis the risk, 
was deemed greater than the indication. 
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In September 1941, eigliteen montbs Liter, ibe patient wa'. and bad been well 
except for several cbilly sensations. Sbe bad bad no jaundice, fever or Io^n of 
weight, despite her cbolecystocolic fistula. She no longer bad any indigestion. 

Eight of the 13 patients gave an antecedent iti.'storv .^tiggcstive of 
disease of the biliary tract. Six of them had liad an actitc epi.<odc 
which may have been acute cholecystitis, init only in case 1 was the 
evidence sufiTicietit to permit that diagnosis. Tlie remaining 5 ]teoplc 
"ave no historv wliicli implicated the gallbladder. The absence of such 



Fig. 2 (case 1). — Cbolecystocolic fistula diagnosed roentgenologically with an 
enema of barium sulfate. The barium sulfate extravasated from the region of 
the hepatic flexure (through the fistula) into the biliary ducts and thence to the 
duodenum and the stomach. 

a historj' is not at all uncommon in cases of gallstone ileus, although it 
seems extraordinarv- that a fistula could occur without associated 
symptoms. Case 2 is illustrative: 

C.\SE 2. — Mrs. G. W. T. had had a large ovarian cyst removed when she was 
68 j-ears old; at this time a stone the size of a walnut was felt within the gall- 
bladder, which was neither thickened nor adherent. Xine years later the pauent 
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had gallstone ileus requiring jejiuuUomy. from which she recovered uncventuilh. 
In the intervening nine years she had had no acute or clironic sym(>toms nt disease 
of the gallbladder. 

Whether gallstones which may later ohstruct the intestine ever pass 
into the duodenum via a greatly dilated common duct is controversial. 
It appears that authentic cases of such an occurrence liavc been recorded. 
Many surgeons have encountered an enormously dilated common duct, 
sometimes reported as resembling a section of small intestine. It is 
established that passage of large stones may render the sphincter of Oddi 
incompetent, so that a reflux of gas or barium sulfate through the 
common duct may outline the biliary tree, thus providing a valuable 
roentgen finding. The average-sized stone which causes ileus would not 
pass through the common duct, but many factors in addition to the size 
of the stone contribute to the occurrence of ileus. Several authors report 
fatal cases of ileus due to relatively small stones.” Cases have been 
described in which the obstructing stone was thought to have reached 
the small bowel by way of the common duct, because no fistula could 
be demonstrated between the gallbladder and the bowel. However, such 
fistulas may close of? completely after the passage of the stone, so that 
at a later date only dense adhesions mark its site. In 7 of 36 cases of 
gallstone ileus reported by Courvoisier,^” in which autopsy was done, no 
fistulous tract could be found. 

FISTULA AT AND AFTER THE PASSAGE OF THE STONES 

It is not surprising that gallstones lodged in an inflamed gallbladder 
tend to be extruded through a fistula when one has formed. Progressive 
shrinking of the entire gallbladder slowty forces its contents into the 
lumen of the bowel, where free drainage exists.- ‘The transit of the stone 
is occasionally signalized by symptoms resembling those of a stone oi 
the common duct or of acute cholecystitis. Rarely, duodenal obstruction 
ensues because of a large stone lodged parti)’' in the gallbladder and partly 
in the duodenum, as in the 10 cases tabulated by Thompson.^^ At times, 
jaundice and biliary colic attend the passage of the stone due to the 
proximity of the inflammatory mass to the common duct. The presence 
of a fistula does not insure the emptying of the gallbladder, as stones 
are often found in the gallbladder even after one or more have been 
passed. In Bernhardt’s series of 109 fistulas, stones were still present 
in the gallbladder in all but 17 cases. 

9. Wangensteen, O. H. ; The Therapeutic Problem in Bowel Obstruction . 
A Physiological and Clinical Consideration, Springfield, 111., Charles C. Thomas, 
Publisher, 1937. Borman and Rigler.'* 

10. Courvoisier, L. G. : Casuistisch-statistische Beitrage zur Pathologie und 
Chirurgie der Gallenwege, Leipzig, F. C. W. Vogel, 1890, vol. 12. 

11. Thompson, cited by Henry, M. J.: Gallstones Causing Intestinal Obstruc- 
tion, Tr. South. S. A. 44:421, 1931. 
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Wlieii fistuluiis communication exists between the ^allljladdcr and 
tlie upper part of tlie intestinal tract, furtiier symi)tonis referable to tbe 
fistula may cease once tbe stones have been discharged or symptoms of 
chronic cholecystitis may persist. If the gallbladder has drained into the 
colon, symptoms of cholangitis, namely, chills, fever and loss of weight, 
are often encountered. In their scries of 32 patients with cholecystocolic 
fistulas, Wakefield. Vickers and Walters found that 19 had recently lost 
15 to 40 pounds (6.8 to 18.1 Kg.). Thef:c authors commented that it 
is desirable to operate and close such fistulas because of the frequency 
of cholangitis and hepatitis. However, a number of authors have 



Fig. 3. — This small, shrunken gallbladder emptied directly into the duodenum. 
The hole in the gallbladder measured 1.9 cm., whereas the gallstone measured 
6.5 by 4 cm. 

reported cases of cholecystocolic fistula without evidence of ascending 
infection. In the present series 2 patients had multiple fistulas to the 
duodenum and the colon for over one year with no sjnnptoms of 
cholangitis. 

IMost authors have advised against surgical attack on the fistulous 
tract after the patient has recovered from gallstone ileus, because of the 
great difficulty in closing off the opening into the intestine. A great 
many fistulas close spontaneous!}-. Whether or not this occurs in a 
particular case is probably related to a patency of the cystic duct. It 
is often possible to outline the biliary- tree because gas or barium sulfate 
flows through the fistula into the gallbladder and thence to the common 
duct. If the cystic duct ceases to be patent, the free biliary- flush through 
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the gallbladder ceases. The nmcosa of ihe gallhlarlder has often been 
estio\ed In die chionic iiiflanimatidn and ulciTalion due to the stone, 
neer such ciicuinstances the gallhladiler hectanes the blind end of a 
sinus which tends to close, so that at lan.-r ojieration r,r nccrop.sy only 
a dense mass of adhesions may he found. In of the cases in which 
an ops} nas performed such a jirocess was in evidence, fn 2 instances 
le stu ous opening into the duodenum measured l..s and 1.0 cm. 
espectneh, nhercas stones oi a nincli larger diameter had heen removed 
rom the small intestine at operation a few days earlier. In a third case 
e opemng into the duodenum was 1.') cm. in diameter, whereas the 
u e ga stone measured 6.5 hy 4 cm. I'-igure 3 shows the antopsv 
specimen with the stone hold above the fistula.' 


I^IECIIANISM of llOWKE OHSTRUCTIO.V 

diagnostic rocntgcnologv, there has been 
fistiihl^t ° ''’ith regard to the proportion of cholecvstoenteric 

man T” Conrvoisicr fonn.l three times as 

Vickers anrtwT!' hstiila. In 1939 Wakefield, 

oiilv 10 cases of fistula, among which there were 

™cera L ? ?, " ''' of gallstones 

^ in the stools More- 

discovered I lary fistula must be fairly common and readily 

dtscovered .£ looked for by roentgen e.vamination. 

of intestinal that gallstone ileus is an obturation form 

lumen of the bowdr^Tl foreign body within the 

progress in +u i j gallstone usually commences its downward 

intestine. Aln^ost'^al^ston 

through tlip a • ejected into the colon make their way 

coLm In L".;;'- difficulty because of the large diameter of the 

bowel inasmuch is the site of arrest in the small 

as the ileocecal T] progressive narrowing of the intestinal lumen 

less tLn zTci ; " Barnard - has stated that stones 

factors in addition t^ffirsL^of However, many 
obstruction TUp i -i stone influence the occurrence of 

of adhesions the ^ stone, kinks in the bowel because 

peristalsrand diverticulum, a slow rate of 

the stones are factors wbi h ^ trauma of 

the gallstone is relativelv^smTl^ Precipitate obstruction in cases in which 
tlie second episode was ca„c:p’i r^'^tirrent gallstone ileus, 

defecated stone. ^ stone smaller than a previously 

12. Barnard, HD- T ♦ • < 

Tlirce Case.fi with Summary "of FkI .Jl’^truction Due to Gallstones : Report of 
Hospital. 1S93-1901. Ann. Surff. ^^ecords of the London 
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Most writers luivc expressed the opinion tliat a stone can enlarge 
during its stav in the Ijowel. Wangensteen said that this is especially 
true if a stone remains in one portion of the bowel for some time during 
wliich a medicament, such as bismuth suhnitrate, calcium or magnesium 
carbonate, is taken orally. A number of cases have been cited in which 
the available evidence suggests that the gallstones had been present 
within the bowel for vears. In a recent case of Cinte's. it seems certain 



Fig. 4 (case 3). — This patient had multiple gallstones in the ileum for over 
five years with persistent incomplete intestinal obstruction. Spontaneous closure 
of the cholecystoduodenal fistula took place. 

that the gallstones were present within the small intestine for about five 
years (fig. 4) : 

C-^SE 3. — H. H., patient of Dr. Howard LI. Clute, had had marked loss of 
weight, nausea anti vomiting and had been unable to take solid food for five years. 
Kt cholecystectomy only dense adhesions to the duodenum marked the site of the 
fistula. Subsequently two resections of small intestine were required to remove 
over a dozen gallstones which were fixed in place in the ileum by multiple areas 
of constriction of the bowel. 
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The hnul avrtsl of ihe may ornir at any level iii t le m ^ 

canal. In 6 palicnls in this .sUnly the j«-jnnnni \\as tie 
obstruction, although the terminal part r.f tin; ileum is a 
location. Frequently a temporary hall occur.s anti is perhaps 
panied by mild obstructive symptoms. Becaii.'ie of ball valve ac P 
the increased peristaltic effort the standstill may be overcome , sy mp 
may subside, and downward progress may be resumed. When ^ ^ 

is finally halted, the block is usually mechanical in nature, and t le 
circulation in the bowel is rarely jcopar<lizcd until late. The obstnic i 
is not usually a complete one; hence marked distention is not 
istic. Occasionally a sharp stone ulcerates through the intestina 
in this event the development of obstruction is related to the associa 



Fig. 5. — Three gallstones from the same patient. The upper two caused P 
rate attacks of intestinal obstruction. The bottom one was defecated. 


peritonitis. Wangensteen visualized the occurrence of volvulus ° 
loop of bowel containing the obstructing stone because of the disten i ^ 
and the weight of the proximal loop. Rarely, the obstructive syn 
results from an intussusception with a large fixed gallstone as the lea & 
point. 


SIZE OF THE STONE 


Wangensteen stated that stones large enough to occlude the intestina 
lumen are usually at least the size of a walnut. In my series the weig 
and dimensions of only 5 stones were known. Their average 
was 19.5 Gm. The largest recorded stone was removed success u y 
from the transverse colon of an 81 year old man by Turner. It weig 
5 ounces (155.5 Gm.) and measured 7 by 6 by 17 cm. Wangensteen 
pointed out the role of spastic obstruction by calling attention to a stone 
so small that it weighed less than 4 Gm. yet caused fatal ileus. Ii^ ^7 
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case of recurrent ileus a defecated stcmc weighed 13.2 Gni., whereas 
the stones causing the two bouts of intestinal obstruction weighed 
respectively 12.7 and 19.0 Gm. (fig. 5). 

SYMPTOMS 

In a review of a great many case histories the delay between onset 
of symptoms and surgical intervention is striking. It is tragic that a 
form of obstruction of the bowel so readily relieved should be manifested 
by such indefinite, misleading symptoms with the frequent result of 
delayed operation. The usual preoperative diagnosis is simply intestinal 
obstruction on the basis of a history of pain, vomiting and obstipation. 
However, because of the mechanism of the obstruction, such a history 
is neither constant nor clear. Symptoms may be correlated with 
pathologic sequences, viz.: (1) sj-mptoms referable to disease of the 
gallbladder, usually of long duration; (2) symptoms referable to the 
emigration of the stone into the intestine from the gallbladder; (3) 
symptoms pertaining to the current obstruction. 

From the majority of patients a history' of previous complaints con- 
cerning the biliary tract is elicited. Eight of the patients in my series 
gave such a historj’’, whereas 5 women did not. Sometimes this history 
is obtainable only after the operation for gallstone ileus, as Colcock 
mentioned.^® 

When a large gallstone passes into the intestine from the biliary' tract, 
the event may be signalized by a definite bout of severe pain in tire upper 
part of the abdomen and vomiting. However, cholecystitis or biliary 
colic may also produce similar s 3 ''mptoms. In 2 of our cases it seemed 
possible from the history to fix the date of transit of the stone. In 1 
case this took place four months prior to ileus. In the second case, it 
occurred one year before and was marked by severe colic and jaundice 
which quickly subsided. 

As the stone makes its downward progress, it characteristically 
causes cramps. At times temporary ileus with nausea and vomiting 
occurs. Such episodes maj'- resemble so-called intestinal grip, and this 
diagnosis had been made in several of our patients prior to the final 
arrest of the stone. Thus dangerous delay may occur. According to 
Mast “ and others such recurrent bouts of temporary obstruction of the 
small bowel may take place for a j'ear or more prior to the end stage of 
persisting obstruction. In Clute’s case, symptoms of partial obstruction 
were present for five 3 -ears. 

Rarely, the clinical picture of simple mechanical obstruction may 
be confused by the complicating peritonitis from perforation. Even 

13. Colcock, B. P. : Intestinal Obstruction Due to Gallstones, Lahey Clin. Bull. 
2:47, 1940. 

14. Mast, \V. H.: Recurrent Intestinal Obstruction Due to Gallstone, .Am. T. 
Surg. 32:516, 1936. 
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^\hen tlie stone has eonie to a lina! halt, the restihant svmptotiis arc not 
clearcut as in otlier forms of obstruction. Colic, nausea and vomiting 
may be intermittent because of incomjdete o!)structinn. Distention is 
often not pronounced, renderness is not a comnum finding, since 
obstruction is purely mechanical at tlic onset. 

Thus the equivocal character of the premonitory symptoms and the 
actual ileus contiibute to the high mortalit}" rate associated with this 
condition. Many of the patients in my scries were not hospitalized until 
obstiuction had been present for several days. The average duration 
0 S}mptoms prior to hospitalization was two and a half clays in those 
patients wdio survived and six and three-quarters clays in those who died. 


The conect diagnosis of gallstone ileus is rarely made prior to 
operation or autopsy. Lowman and Wissing stated that preoperative 
oentgen diagnosis of an intestinal obstruction due to a gallstone has been 
^ times. However, the correct diagnosis has been made in 

ition in some cases in which operation was not performed and in which 
autopsy later confirmed the roentgen finding. In 1 of my cases (fig. 6). 
suci a lagnosis was advanced by the roentgenologist on the basis of 
having demonstrated a cholecystoduodenal fistula plus the presence of 
^ u ^ °hps of small bowel. The diagnosis by roentgen examination 

0 c 0 ecystoenteric fistula is not uncommon. In this series of 13 cases 
correct c inical diagnosis of gallstone ileus was made in 3 instances 

p lor to operation. For 1 woman the diagnosis Avas obAuous, since she 
had recently passed Uvo gallstones per anum. 

+1 patient, usually a Avoman, Avith a histor}'^ of disease of 

t:e gallbladder, often with repeated episodes, the occurrence of a non- 
umina mg recurrent obstructive syndrome, Avith perhaps a shifting 
symptoms, suggests ileus caused by a gallstone. Such a cause 
nf nt, f ^ of in those cases in which other commoner forms 

1 • t ^ tumor or adhesions, are not suggested. In the 

us ory e tAvo commonest features are; (1) the history of chronic 

is obtained in about 50 per cent of the 
^ recurrent character of the obstructive symptoms, 

AA hich IS also true in about 50 per cent of the cases. 

morio ndings may be inconclusive. Distention may be only 

ra e as some gas passes by the obstructing stone. Tenderness is 
+1 i'.^ ^te sign, signifying Ai^eeping” of the dilated obstructed bowel, 

le CA e opment o peritonitis from perforation proximal to the obstruc- 
1011 or a ecu itus ulceration through the Avail of the bowel at the site 
Irreversible circulatory changes in the Avail of the boAvel 

of GalbtoneTcu.s (^nc 
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rarely cliaractcrize an obturation type of intestinal obstruction until late. 
A mass is so rarely felt that this sign has little diagnostic value. 
Powers^® mentioned that tenderness beneath the right costal margin 
was suggestive when present. 

It is important to distinguish the intestinal colic due to the passage 
of an irritating foreign body from the colic set up by obstruction of the 
lumen of the bowel. In a review of a great many case histories, a 
number of patients were listed who suffered mild colic relieved by the 



Fig. 6. — The diagnosis of cholecystoduodenal fistula was made on the presence 
of this small mushroom-like cavitj- projecting up from the duodenal cap. Four- 
teen days later the large gallstone seen in figure 3 was found in the ileum at 
autopsy. 

defecation of a gallstone. Wagner listed 334 cases of gallstone ileus, 
but 93 of the patients defecated the gallstone. A report from the Mayo 
Clinic described 176 cholec 3 "Stoenteric fistulas but enumerated only 10 
cases of gallstone ileus. Therefore, we mat- conclude that gallstones are 

16. Powers, J. M. : Acute Intestinal Obstruction Due to Impacted Gallstones : 
Report of Four Cases. Surg., Gynec. & Obst 28:416. 1928. 

17. Wagner, .4.: Ileus durch Gallensteine, Deutsche Ztschr. f. Chir. 130:353, 
1914. 
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often extruded into the intestine and passed spontaneously per anum. 
When no other symptom Init colic is present, it is clear that a diagnosis 
of intestinal obstruction cannot be made. 

The roentgenologist is the chief source of diagnostic aid. His 
evidence is derived from his observ'ations of (1) the fistula, (2) the 
gallstone within the bowel and (3) the obstructed bowel independent 
of whether or not a gallstone can be visualized. 

A scout film of the abdomen may confirm the clinical impression of 
an obstructed bowel and even suggest the location of the obstruction. 
As the stone moves along there may be a progressive shift in the locali- 
zation of the gas within the bowel as revealed by roentgenograms. The 
majority of these gallstones are not visible in the roentgenograms, but 
occasionally the obstructing stone can be seen. Distended loops of boivel 
may obscure the stone. In 3 of my patients an opaque object was seen 
within the bowel but not identified as a stone. In 3 others a definite 
diagnosis of an obstructing gallstone was made by roentgen examination, 
helped in 1 case by the history of recent defecation of a gallstone. When 
a Miller- Abbott tube has been successfully passed into the small intestine, 
the introduction of a small amount of thin barium sulfate after the down- 
ward progress of the tube has been halted may delineate the impacted 
stone. In the majority of cases in which correct preoperative roentgen 
diagnosis of gallstone ileus has been made, the oral administration of 
barium sulfate has demonstrated the obstructing stone as a filling defect 
occluding the intestinal lumen. Such a practice is of course dangerous 
but is periodically resorted to in cases of gallstone ileus, because of the 
obscure course of the obstruction. 

The diagnosis by roentgen examination of cholecystoenteric fistula 
is additional evidence pointing to the possibility of gallstone ileus, 
although such a fistula may be long standing and unrelated to the present 
obstruction. Borman and Rigler made a comprehensive study of fistulas 
of this type. They advised spot films over the region of the gallbladder 
in addition to the routine scout film of the abdomen. The biliary radicals 
may be outlined by the presence of gas within the ducts. This was the 
case in 2 patients in my group. However, a similar roentgen appearance 
can result from incompetency of the sphincter of the common duct due 
to the passage of a large gallstone or from duodenal ulceration in the 
vicinity of the lower end of the common duct. Roentgen examination 
may show absence of gallstones from a gallbladder in which their 
previovis presence had been demonstrated. Cholecystograms show no 
filling of the gallbladder when such a fistula exists. 

When barium sulfate is given by mouth in the presence of a chole- 
c\ stoduodenal fistula, the fistula and biliary tree are usually outlined by 
the regurgitation of barium sulfate from the intestinal tract. Borman 
and Rigler emphasized characteristic changes in the mucous membrane 
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adjacent to the intestinal stoma of the fistula. These consist of irregular 
folds of mucous membrane with loss of elasticity. There may even be 
stenosis of the bowel at this point. Multiple fistulas to the bowel and 
nearby organs are not rare. At times an enema of barium sulfate 
reveals a cholecystocolic fistula, and there have been 2 cases at the Salem 
Hospital in which the stomach has been filled with barium sulfate given 
by rectum. The patient in case 1 was given an enema of barium sulfate 
on Jslarch 21, 1940. After the barium sulfate reached the hepatic flexure, 
it extravasated into the biliary ducts, the duodenum and the stomach. 
The sinus tract to the upper part of the gastrointestinal tract was in 
the region of the first and second portions of the duodenum (fig. 2). 

TRE.\TMEXT 

Hardly any tv-pe of intestinal obstruction challenges the surgeon's 
judgment more than gallstone ileus. In one sense newer methods of 
treatment complicate rather than simplify the therapeutic problem. 
Prior to the development of nonsurgical decompression, the clinical con- 
dition of the patient with intestinal obstruction was manifested by his 
symptoms of persistent pain, nausea and vomiting and by distention. 
These signs and symptoms are abolished by adequate suction decom- 
pression through an inlying tube. Gallstone ileus represents a simple 
mechanical obstruction without the threat to the blood supply of the 
bowel until late. Tenderness is not characteristic of the clinical picture. 
However, if operation is delayed too long, two catastrophes may ensue 
with little or no warning so long as medical decompression is carried 
out. The incarcerated stone may ulcerate through the wall of the bowel, 
or perforation of the bowel proximal to the stone may occur. The 
difficulty of complete evacuation of the small intestine may permit dis- 
tention in several feet of bowel proximal to the site of the stone, and this 
amount of distention may escape both clinical and roentgenologic 
detection. The site of obstruction is usually low in the small bowel. 
In the last case of gallstone ileus at the Salem Hospital the fact of a 
persistent obstruction in the small intestine was not recognized until 
late, owing partly to the elimination of the evidence for obstruction by 
suction decompression. Multiple perforations occurred in the small 
intestine proximal to the stone even though clinical signs of obstruction 
were inconclusive in the presence of suction decompression. 

In a recent study of 136 cases of acute mechanical obstruction of 
the small bowel at the Massachusetts General Hospital, IMcKittrick and 
Sarris made the striking observation that not a single death occurred 
in a group of 43 patients operated on within twent 5 --four hours of the 

IS. McKittrick, J. B., and Sarris, S. P. : Acute Mechanical Obstruction of 
Small Bowel: Its Diagnosis and Treatment, New England J. Med. 222:611, 1940. 
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uiihil cii tiu-ir idwtiiH'tiim. ( Jpcintinn ;.it<>ulil Ih- pcrlnmird in a case of 

pnllslunf ilciK as soon as it is appascnt that tfu- pro^'rcss of die stone 

ms sloppi (1 ,itul that inorr i>r less fi>inplftr (i!)'tru<'ti'>n of the ho«e!s 
exists. 

lion .1 p.viiinu is snlun inu otaiups, pcrliap.-- in varviiiit locations ot 
tic abdonien iin.uconiimnird hy vtiiniliny' aiu! distention, olis'crvation 
may be carried nnl for a perioii .htrino whirii rest in bed. use of anti- 
spasmodics and a liquid diet ra,, hi- instituted while the alidomcn is 
u icf Ip lejicatcd clinical and rocntqen e.vaminations. In my seric^ 
a mtnation due to a ftaUsi<inc which later was passed per anuni 
• ' , ^ - poisons. Intestinal inluliation nmv fie dc.'irabie as an 

le oca izalion of the jtaUslonc within the intestine by the use 
sulfate introduced ihronqh a tube. Its cniploymeut in a 
qi,; . action in jdacc of iininediatc operation and with the 

nnininn in \ spastic ohstrnclion is a dan”crous practice in u>} 
anrl cn,’/ "^^'migenstccn mentioned 2 iiaticnts with small stones 

suction oI spastic ohstrtiction who were treated with inlyh'S 

As an passed the gallstones in the stools, 

such decomrr ° operation it is of course useful. ^Viien 

permit imme Pi'acticcd on a patient whose condition does not 

be carried out^a^t surgical procedure should nevertheless 

persistent- -jc n oarhest possible moment if the obstruction JS 

Judies have reveawT';'' '='' “ 

EnterntT,ii • ^ within the lumen of the bowel, 

unnecessary ^ ^ operation of choice. Enterostomy is usnaih 
can be secureH 1 ^^^^'^^P^ossion of the bowel above the stone 

the duodenum Z ^^'"^^-Abbott tube, which should be passed into 

should be milked When possible, the obstructing sto'ie 

borvel is not marlp'^f'T*^ ^ short distance so that the opening in tie 
may be poor TI ^ Point of incarceration, where wound heainis 
by an invertinp- Zl should be closed transversely 

stitch followed by a ° und reenforced by a continuous Cushin& 

to attempt to cruqli ^^terrupted mattress sutures. It is unii’se 

such an effort may within the lumen of the bowel, because 

Adhesions". trauma to the wall of t ’e 

tacking a free omenral^" unking of the bowel may be minimized y 
sutures. The protecti'rf a few interrupted 

'nation at the time of" "margins of the wound from contann- 

contents of the blockpH • is particularly important. 

to the draining biliarv fiT extremely infectious, owing 

P-d agains L to employ some impenn- 

tbe lyound. such as the cellophane-lined 
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ad\ocatcd by Labey.'' In tliis series wound sepsis occurred in 6 
instances. In 2 women who recovered there was slouebing of the 
fascia. Three of the 6 jiatients died, and in 2 of them the extent of 
the wound sepsis appeared to play a si£r„ificant role in cauM'iur tlieir 
death. 

Tiie possibility of multiple gallstones must he kept in mind at 
operation. In 3 of Holz’s series of 5 cases of repeated operation for 
gallstone ileus, the second stone had to he removed during the immediate 
convalescence from the first operation. It is probable that the second 
stone was already in the intestine at the time of the first operation. 
Numerous authors have reported the i)resence of multiple stones in 
the intestine at operation, often close together hut sometimes separated 
by considerable distance. The presence of facets on the obstructin'^ 
stone indicates the need for additional search provided the patient’s 
condition permits. The proximal parts of both the intestine and the 
biliar}' tract should be palpated. Detection of stones within the gall- 
bladder may be difficult owing to dense adhesions. Additional stones 
can often be removed from the intestine through a single incision. How- 
ever, it will rarely be feasible to perform any operation on the gallbladder 
after removing the stone from the bowel. 

Reports of 9 cases of recurrent gallstone ileus have been published. 
One of the patients was operated on by me and was the oldest patient 
on record to recover from tivo bouts of obstruction both necessitating 
enterotomy.-^ 

C-ASE 5. — E. D., a 79 year old woman, had known for seven years that she had 
what was thought to be a single gallstone within tlie gallbladder. She never had 
any biliary symptoms except mild indigestion. In March 1939 she had intestinal 
colic followed by the defecation of two gallstones. Shortly thereafter she had 
intestinal obstruction and an impacted gallstone was removed from the jejunum. 
The weight and the diameter of this stone were less tlian the weight and tlie 
diameter of one of the stones defecated a few weeks earlier, with which she had 
had colic only. Three months later a second jejunotom}' was performed to remove 
another impacted stone (fig. 5). 

The distinction between colic and ileus is nicely illustrated by the 
case just reported. Moreover the removal of one faceted stone makes 
it necessary to search for additional stones in the intestine or the gall- 
bladder. 

The management of the biliarj- fistula should be regarded as a 
separate problem. If studies demonstrate a fistula from the gallbladder 

19. Lahey, F. H. : A Waterproof Laparotomy Pad of Gauze and Cellophane, 

J. A. M. A. 104:1990 (June 1) 1935. 

20. Holz, E. : Zur Frage des Gallensteinileus, Arch. f. klin. Chir. 155:166, 1929. 

21. Hinchej', P. R- : Recurrent Gallstone Ileus. New England I Med. 223:174. 
1940. 
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to the sloniach. llic dundcmiin or ihc- upiu-r part of the jejumiin, it seems 
justifiahlc to do nothing about the fistula unless syuiptonis of cholangitis 
c\elop. McQueeney -- cited 2 instances of cliolccystoduodenal biliary 
istula of nineteen and fifteen years’ duration respectively, without 
evidence of cholangitis. The majority of the patients are old, and closure 
0 t le istulous communication with the bowel is considerably hazardous, 
ilost authors are opposed to immediate attack on the biliary fistula. 

leie have been cases in which cholecystectomy has been performed 
a ter a pievious fistula from the gallbladder had closed spontaneously. 
In such cases dense adhesions are encountered. 

Hove\ei, if the gallbladder has drained into the colon, cholangitis 
IS a common sequel and is characterized by chills, fever and loss of 
weigit. Wakefield, Vickers and Walters expressed the opinion that 
it is unsafe to await the development of clinical cholangitis and hepatitis 
viti anj c lolecystoentei ic fistula. There were 32 cholecystocolic biliar}' 
fistulas in their series, and 19 of the patients had recently lost 15 to 40 
poun s ( . to 18.1 Kg.). They recommended early operation on the 
fistulous tract irrespective of whether it drained into the small or the 
arge intestine. Closure of a cholecystocolic fistula seems desirable if 
the patient s condition will permit. 


SUMMARY 

Thirteen cases of gallstone ileus are reviewed. 

Gallstone ileus is a complication of chronic disease of the biliaiy 
ract. ts occurrence will be lessened by earlier operation on the biliary 


Salient points in diagnosis and treatment are discussed. 


Dr. Howard M. Clute and the members of the Salem 
gave permission to use their cases. 


Hospital surgical staff 


355 Essex Street. 


Due tn Biliary Fistulae and Intestinal Obstructions 

Due to Gallstones, Ann. Surg. 110:50, 1939. 
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Any discussion of pulmonary embolism must concern itself primarily 
with a consideration of the fundamental problem of venous thrombosis. 
Many years ago \'irchow,^ Aschoft - and Welch ^ set forth the funda- 
mentals of the mechanics of red and white thrombus fonnation, which 
can still be found in any modern textbook. Innumerable publications on 
pulmonarj- embolism and thrombophlebitis have since confirmed the 
findings of the original investigators. 

The word thrombophlebitis poorly describes the spontaneous venous 
thrombosis which occurs postoperatively and in medical patients at 
rest in bed, because the ending of the word suggests that inflammation 
is present. Any inflammation in the wall of the vein or in the thrombus 
is a secondary manifestation and not a primary cause. The type of 
thrombophlebitis caused by local trauma or infection does not pertain 
to this discussion. Our concern is with spontaneous intravenous clotting, 
and this will be referred to in the paper by the more descriptive term 
phlebothrombosis, which was popularized by Ochsner.^ 

The caustive factors in the production of phlebothrombosis are pre- 
sumably many, and the importance of each has been reviewed.® It is 
rather generally accepted, however, that retardation of venous blood 
flow is the primary cause. If slowing of the venous circulation is 
responsible for thrombus formation, it should be possible to produce it 

Read before the Section on Surgery, General and Abdominal, at the Ninety- 
Third Annual Session of the American Medical Association, Atlantic City, N. J., 
June 11, 1942. 

1. Virchow, R. ; Neuer Fall von todlicher Embolie der Lungenarterien. 
.A.rch. f. path. Anat. 10:225-228, 1856. 

2. Aschoff, L. : Thrombosis, Arch. InL Med. 12:503-525 (Nov.) 1913. 

3. Welch, W. H. ; Thrombosis and Embolism, in Allbutt, T. C. : System of 
Medicine, New York, Macmillan & Co., 1898, vol. 6, pp. 155-285. 

4. Ochsner. A., and De Bakey, !M. : Thrombophlebitis and Phlebothrombosis : 
C. Jeff Miller Lecture, South. Surgeon 8:269-290, 1939. 

5. Potts, W. J. : Pulmonary Embolism, Ann. Surg. 111:554-563, 1940. 
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experimentally without injury to the iutima of tlie vein, without the 
use of foreign bodies in the lumen of the vein and without the applica- 
tion of a caustic about the vein. 


KX P ER nr E N TA L O US ICttVAT I O X .S 

In the first series of 14 experiments on dogs under anesthesia 
induced with soluble pentobarbital U. S. P. (pentobarbital sodium), 
a silk ligature was placed around the midportion of the external jugular 
vein or tbe femoral vein just below Poupart’s ligament and drawn tight 



Forms of ligation used in the experimental production of thrombus 
formation. A, a silk ligature was placed around the midportion of the externa 
jugular vein or the femoral vein just below Poupart’s ligament and drawn tight 
enough to throttle the blood flow to one half or two thirds of normal. B, the 
external jugular and femoral veins were doubly partially throttled with silk ligatures 
placed 1 or 2 cm. apart. C, the external jugular and femoral veins were completelj 
ligated with a single silk ligature. 


enough to throttle the blood flow to one half or two thirds of normal. 
.‘Ml animals were killed at the end of seven days. In no instance was 
there the slightest gross evidence of thrombus formation (fig- ^ ^ 
and table 1). The negative results suggested that the whirls and eddies 
of blood described by Aschoff as necessary for thrombus formation 
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had not been produced. In the Mississijipi River in Minne,st)ta. where 
the stream is wide and shallow and the current is slow and tortuous, 
there are innumerable islands and shoals. I'arlher downstream, where 
the river is deep and the current swift, sediment does not have a chance 
to accumulate and build up "thrombi." 

In a second scries of e.xperiments the external jugular and the femoral 
vein were doubly partially throttled with silk ligatures placed 1 to 2 cm. 
apart (fig. IB). It was demonstrated at the close of the operation 
that blood would flow through the constricted portion of the vein. 
The only injury to the vein was that incidental to its exposure. All 
the animals were killed at the end of one week. .Ml specimens were 
removed while the dog was alive but under anesthesia to avoid mis- 
taking on gross examination a postmortem for an antemortem thrombus. 
The results are summarized in table 1. 

With the exception of one thrombus the size of a grain of wheat, 
there were no thrombi in 14 external jugular veins one week after 


T.\bi.e 1 . — Data on the ExI'eAmeiital Study of Pnhnnnary EmboPtsm 



External 


Femoral 


Liftition 

Jugular Vein 

Thrombosis 

Vein 

Thrombosis 

Single partial 

... 7 

0 

7 

0 

Double partial 

14 

1* 

00 

13 

Single complete 

' 

1 

12 

St 


* Thrombus was the size of a grain of wheat, 
t One of these was a tiny thrombus. 


double partial ligation. In the femoral veins, on the contrar}-, thrombi 
formed between the ligatures or caudal to the distal ligature or both 
in 13 to 22 veins one week after double partial ligation. In no instance 
was a thrombus found cephalad to the proximal ligature. 

Why thrombosis should occur in the femoral vein and not in the 
external jugular vein when the procedure was exactly the same in each 
is a matter of conjecture. That there are valves in the femoral vein 
and not in the external jugular vein may be of importance. Of more 
significance probably is the fact that in the dependent legs the return 
flow of venous blood is retarded. The animal confined in a small cage 
has little opportunity to exercise but can move the head freely. Guess- 
work is not in order. The fact remains and is significant that thrombi 
were formed in several of the femoral veins subjected to double partial 
ligation but not in the external jugular veins similarly treated. 

Grossly these thrombi were dark red masses witli grayish white 
streaks and patches in and about them (fig. 2). The thrombi measured 
1 to 5 cm. in length, the average being about 2 cm. In most but not all 



30 


ARciiivns or surorRy 

ioDseivT.Ml-T f,’* "'<■ of ,hc vein ,v,,s so 


remnvnl nf niai wuc.s f;rc.at care was exerciscrl during 

cTboi w ' ''7."'^'°' oxn,.,i„a,io„ no 

r.he I, ndlo '""P- "•••■-' ■«“ of 

occluded by tliroiubiis. "' oo"ipl=Kl.'' 


ViV^L HJII 

emboli were found in the lnn,rc 'n 

*.i-„ 1 .- II . . -^i'cic was no instance of swelling 

c femoral vein was conip 

. -•If'fcibacli). — In the see 
ontained thrombi stained 
ungstic acid and hemato; 
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In 7 completely ligated external jugular veins there was 1 thrombus 
cm. long distal to the ligature. In 12 completely ligated femoral veins 
moderate-sized thrombi and 1 tiny thrombus appeared distal to the 
ligature. Tliese thrombi were typical stagnation clots confirmed by 
microscopic examination (fig. 5). 



Fig. 3. — Photomicrograph of a section of a thrombus formed in a femoral 
vein by double partial ligation. 


CLINICAL CONSIDERATIONS 

Inactivity, we believe, is one of the important causes contributing 
to retarded circulation and consequent thrombosis. WHien the muscles 
of the legs and the abdomen are inactive, there is retardation of blood 
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flow in the poivic and femoral \cinh and lludr trilmtarics. Sinitli, Allen 
and Craiij; '' showed lh:il e.xcrciscs of the le.!,'s decrease the circiibtion 
lime from the fool lo ihc carotid sinus; that elevation of an extrcmiU 
decreases the circulation time in that extremity; that warmth of the 



4. — Pliotomicrograpli of a section of a thrombus formed in a femoral \cm 
by (ii)ul)Ic partial ligation. 


skin decreases the circulation time, and that coldness increases it. f hc} 
stated that the venous blood flow is retarded after operation and con 

(>. Smiili. I.. Allen. H. V., and Craig, \V. Time Required for Blood 

rinw frfim the .Arm and from the Foot of ^fan to the Carotid Sinus, Arch. Surg. 
•11:l.V/,-l.vO (Dec.) 1940. 
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eluded that "This factor probably is important in the genesis of post- 
operative thrombosis and embolism.’’ 

Why is phlebothrombosis rare in the axillary veins if not because 
the rather constant action of the muscles and the freciuent elevation 



Fig. 5. — Photomicrograpli of a section of a thrombus formed in an e.xtemal 
jugular vein by complete ligation. 

of the arms prevent the accumulation of clot-forming elements ? Throm- 
bosis is common in patients rvith fractures necessarily confined in 
restraining plaster encasements but rare in patients with fractures of 
equal severity which can be treated by ambulatory metliods. The only 
varying factor is activity. 
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Cardiac weakness,' shallow re.sj)iration. forced inactivity, low blood 
pressure, abdominal distention, lij^lit abdominal binders, pillows beneath 
the knees, pressure of one leg against the other, pressure of Pouparts 
ligament against the femoral vein — all of these in a measure combine to 
simulate the experimental condition of retarded circulation already 
described. W ben to these are added old age. obesity, cachexia, depres- 
sion of the circulation by drugs, dehydration increasing the viscosit} 
of the blood, varicosities in the legs, altered blood chemistry and physi- 
cal depression, one wonders why phlebothromhosis and puhnonar) 
embolism are such relatively rare postoperative complications. 

During the past few decades most of the efforts toward the preven- 
tion of pulmonary embolism have been focused on the prevention of 
venous stasis in the legs. Krecke,® Pool,'' Blair,"' Gamble,” Barnes.’' 
Ochsner and De Bakey and others have advised postoperative breath- 
ing and leg exercises. Schmid,*' DeCourcy,”- Gray'" and de Takats'' 
advised elevation of the foot of the bed to aid the return of venous blood. 
Walters'^ increased the rate of blood flow by the administration of 
thyroid. In fact, there are few surgeons who do not ap])reciate the 
importance of as much activity as possible for all patients who are con 
fined to bed. 

I . Belt, T. H. : Thrombosis and Pulmonary Embolism, Am. J. Path. 10:129, 

1934. 

8. Krecke, A. ; Ueber Vor- und Nachbehandlung bei Bauchoperation^ii 
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In a series of experiments "* we demonstrated tliat simultaneous ele- 
vation of both hindlegs of a dog increased the rate of venous blood flow 
in the inferior vena cave from 100 to 250 per cent. Sweeping out of the 
veins the beginning of accumulations of formed elements of the blood 
should, if attainable, lessen the incidence of thrombosis. 

Beginning in 192S, one of us (W. J. P.) decided to adopt routine 
breathing and leg exercises for all adult patients unless their condition 
was such that it seemed inadvisable. The following order is written 
and takes effect the evening of the operation or the morning after opera- 
tion : “Have the patient take fifteen deep breaths each morning and 
evening and with each breath actively flex the legs.” The choice of 
fifteen was purely arbitrar}'. So long as the patient goes through the 
night without active exercise there seemed no object in repeating them 
oftener than twice a day. If anj- scheme of postoperative actiHty is 
adopted, it must be followed through with instruction of the nursing 


Table 2. — Data on the Clinical Stndy o] Pulmonary Embolism 



Xumber 

Phiebo- 

tbrom- 

bosis 

Pulmonary 

Infarction 

Fatal 

Pulmonary 

Embolism 

Postoperative patients who did breathing and 
leg exercises 

837 

0 

0 

0 

Patients with fractures requiring immobiiiza- 
tion of one or both legs 

124 

5 

C 

0 

Postoperative patients who did no exercises.. 

150 

4 

1 

1 


and the resident staff. Occasional meetings with the nursing and the 
resident staff to explain the object of this regimen is beneficial in securing 
cooperation. Too often the type and the amount of postoperative activity 
are left to the discretion of the nurse, who follows the indefinite verbal 
order of the surgeon to keep the patient active. 

Before giving personal statistics (inconclusive because the number 
is small), it is fitting to quote from a preHous publication: “Coinci- 
dence often leads us astray in the evaluation of therapeutic procedures.” 
However, during the past thirteen years there has been no occurrence 
of phlebothrombosis or pulmonary embolism among 837 private patients 
who carried out the routine postoperative breathing and leg exercises. 
During this same period the controls consisted of two groups: (1) 124 
patients with fractures which required immobilization of one or both 
of the extremities and (2) approximately 150 patients who after a 
major operation did not or were not asked to carry out the postoperative 
exercises ("table 2). In the first control group there were 5 cases of 

19. Potts, W. J., and Smith. S. : Pulmonary Embolism : An Experimental 
Study of A’ariations in the \'olume Blood Flow in the Inferior Vena Cava of the 
Dog, Arch. Surg. 42:661-664 (.April) 1941. 
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phlebolhronibosis, 4 of wbicli were followed by iJiibnonary infarction, 
and 1 ease of pulmonar}’ enibolisni found at postmortem examination 
in a man wbo died five days after fracture-dislocation of the first lumbar 
vertebra complicated by transection of tbe cord. I'be origin of the 
emboli in this patient could not be found. 

Tbe clinical bistory of 1 ])aticnt not included in tbe group of control 
])atients with fractures is of interest and if correctly interpreted supports 
tbe premise that inactivity is a causative factor in tbe production o 
tbrombosis. 


Kia'OKT OF A CAsn 

Mr. V., a man aged 65, willi moderately advanced Paget’s disease of the right 
humerus, suffered a simple transverse fracture of this bone at the junction of t 'c 
lower and the middle third. With the region under local anesthesia and vd' 
the aid of a fluoroscope, the fragments were replaced and fi.ved with molded plaster 
splints. The entire arm was firmly bound to the patient’s chest with gauze bandage. 
He remained in the hospital three days but was ambulator}'. Fourteen days a cr 
the fracture the patient complained of pain in the chest and spat up bright rcc 
blood. Because of the fixation apparatus adequate examination of the chest was 
impossible. Three days later there was recurrence of these symptoms. Both cpi 
sodes were associated with fever. No sign of thrombophlebitis in the legs cou c 
be found. Dr. Robert Hemphill, the medical consultant, made a diagnosis o 
pulmonary infarction. Spontaneous recovery followed. The fixation apparatus 
was removed forty days after the fracture, when roentgenograms showed tia 
satisfactory healing had occurred. The arm was swollen but not abnormally so, ant 
no thrombosed veins could be palpated. In the absence of signs of thrombosis 
elsewhere, it seems fair to assume that the emboli originated in the veins of t ic 
immobilized arm. 


In the surgical control group were 4 patients with plilebotlirombosi-s- 
In 2 patients, women aged 49 and 58 respectively, tbrombosis follotvcd 
drainage of an appendical abscess. The woman wbo was 58 died instan- 
taneously of pulmonary embolism. In a man aged 36 tbe pblcbo- 
thrombosis followed release of mechanical intestinal obstruction, and m 
a woman aged 79 it followed abdominoperineal resection of the rectum. 
Follon'ing cliolecystectomy in a woman aged 40 there was pulinonai) 
infarction but no sign of phlebothrombosis. 

To remind tbe nurses constantl)' that tlieir patients must do the 
breathing and leg exercises and to demonstrate frequently to both patients 
and nurses bow these are to be done is laborious. As a matter of fact, 
in the summer of 1935 tbej' were discontinued for a time when doubts 
concerning their value arose. Promptly, extensive phlebothrombosis 
developed in a patient, and be died of pulmonary embolism (referred 
to already). This catastrophe, a coincidence most likely, nevertheless 
stimulated immediate rcintroduction of routine breathing and leg exer- 
cises which have been continued since. That thc\’ arc of some value 
there is little question. A negative virtue lies in the fact that they do 



I’OTTS-SMITII—rULMOX.lRY ILM HOLISM 




no harm. Certainly the jiatient who has l)ccn active in bed lollowintr 
an operation feels better on getting up than the ])atient who has been 
inactive. 

SUM.M.VRY 

Experimentally we have demonstrated that thrombosis will occur in 
the femoral vein of a dog after double partial ligation. 

Clinically it appears that a definite routine of postoperative breath- 
ing and leg exercises is of some value in lessening the incidence of 
phlebothrombosis and pulmonary embolism. 

\ 

715 Lake Street. 

.■\BSTR.-\CT OF DISCUSSION' 

Dr. Gez.\ de Tak.\ts, Qiicago: The paper emphasizes the great importance 
of venous stasis in the formation of thrombi and consecutive emboli. Retarda- 
tion of venous return has been demonstrated repeatedly on patients after operation 
or immobilization. Drs. Potts and Smith have clearly shown the factors which 
contribute to the slowing of circulation in bedridden patients. The interference 
with venous return is especially marked in the frequently employed Fowler posi- 
• tion, during which stasis is produced in the pelvis, in the groin, and in the deep 
and muscle veins of the calves. To overcome this, the postoperative Trendelen- 
burg position, maintained from twenty-four to forty-eight hours, is truly a great 
improvement' and can be used for patients who are unable to carry out simple 
e.xercises. 

Dr. Lawrence Petersen has recently tabulated the mortality following major 
amputations at tlie Research and Educational Hospitals. There were 110 major 
amputations between 1927 and 1942, and 9 patients died, giving a mortalitj’ of 
8 per cent. Only 1 patient died of embolism, and this was a person with polj*- 
cythaemia vera who had been treated with leeches up to the fifth daj' and died 
on the sixth, after the use of leeches was discontinued. Only 1 patient in this 
group had a ligation of the femoral vein. In the experience of mj- associates and 
me. then, pulmonary embolism does not occur frequentb' after amputations, the 
incidence being not more than 1 or 2 per cent. 

Recently we have attempted to studj- the clotting mechanism of patients by 
determining their response to heparin. Roughlj', all individuals fall into one of 
three groups. Their response to heparin is normal, exaggerated, or diminished. 

In spite of the great importance of venous stasis, one should not forget that 
coagulation of blood is favored in the postoperative state. Heparin or other 
anticoagulants obviously cannot be given to all postoperative patients, but the 
endangered group may be picked out by their response to heparin. For such 
patients all available measures against thrombosis must be carried out with the 
greatest vigor. 

Dr. Edg.vr V. -A.llen, Rochester, Minn. : Theoretically there are three pos- 
sible mechanisms for postoperative venous thrombosis. One of these is an 
increased tendency of the blood to clot. However, in spite of assiduous studies, 
no one has shown conclusively that there exists such an increased tendency after 
operation. There are some conditions of the blood which predispose to venous 
thrombosis following operation, but in the vast majority of patients who are oper- 
ated on there are no significant changes in the coagulation of the blood after 
operation. 
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A second factor is tlic possibility of trauma to veins. I ain told that assis- 
tants do not lean on a femoral vein duriiiR n major operation and that usuall) 
no other trauma occurs. Yet it is known that after such operations as chole- 
cystectomy thrombosis of the femoral vein may occur. For those who advocate 
the theory of trauma, there is some evidence in support as shown by the fact 
that the incidence of postoperative venous thrombosis following pelvic operations 
is three times as great as the incidence following operations on the upper part 
of the abdomen. There is no evidence that this trauma to veins is a significant, 
persistent cause of postoperative venous thrombosis. 

The third possibility, one which is the subject of the discussion today, is 
question of slowed circulation of venous blood. As Dr. Potts has indicate , 
Smith and I have made studies of circulation time and have shown that a ter 
an operation there is a fairly constant reduction in the speed with which the bloo 
flows through the veins of tlie lower extremities. This begins on the secon o 
third postoperative day ; the blood flows progressively more slowly through 
veins of the lower extremities, until the patient becomes ambulatory. 

How does this fit in with what is known about postoperative venous throni 
bosis? Similar studies on the circulation Of blood in the veins of the upper 
extremities indicate that there is no significant slowing of the speed of circu a 
tion in the upper extremities. That might explain why postoperative venous 
thrombosis occurs so frequently in the lower extremities and so infrequentl) ni 
the upper extremities. The fact that the maximum slowing of the venous 
lation is on about the eighth to the twelfth postoperative day would fit in 
with the observation that that is the period at which postoperative venous throm- 
bosis occurs in the vast majority of instances. This slowed circulation of the 

blood in the veins would explain also why the administration of thyroid sharply 

decreases the incidence of postoperative venous thrombosis, and it would explain 
an observation which we have made that in approximately 1,200 operations (sym 
pathectomy) for hypertension performed by neurosurgeons there has not 
single instance of postoperative venous thrombosis. Sympathectomy greatly 
increases the speed of flow of blood through the arteries and through the veins 

The evidence suggests that a slowed venous circulation is responsible 
postoperative venous thrombosis, and Drs. Potts and Smith have added to the 
increasing evidence that this is true. Their evidence would be more conclusive 
were it not for the fact that the same procedure which produced venous throm 

bosis in the femoral vein failed to produce venous thrombosis in the jugular vein- 

A word of caution about the interpretation of statistics. Postoperative venous 
thrombosis is known to occur only infrequently, and it is possible that in a large 
series of patients for whom nothing was done there might be no postoperative 
venous thrombosis merely because it does occur infrequently. 

Dr. Lyman W. Grossman. New York: My associates and I in my service 
at the City Hospital have approached the matter of postoperative embolism m 
what might be considered a physiologic way. We try to prevent the formation 
of postoperative emboli. Dr. de Takats discussed retarding circulation and 
increasing circulation. What we do is stop circulation by Frederick M. Allen s 
method of applying a tourniquet to the extremity 6 or 8 inches (15 to 20 cm.) 
proximal to the line of cutaneous incision, refrigerating the entire extremity Wit 
ice, and after two and a half hours perform an amputation with no other anes- 
thesia. At the time of the operation we always find that the blood is fluid. We 
never see a blood clot. 

When the stump end is about ready to be closed and the tourniquet is taken 
off, the blood we see is always in a liquid form. The examination of the 
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blood drained from the specimen as it is removed has been examined and reported 
as being normal. Everj- one of the legs so treated lias been examined under the 
microscope by Dr. James Lisa, our pathologist, and be has found no structural 
change as . a result of the long refrigeration or the stasis and pressure brought 
about by the tourniquet. The tourniquet cuts off all circulation of blood and 
lymph and all nerve impulses. .-Xs most tourniquets are put on there is still an 
arterial trickle, which allows a flow of warm IiIockI into a refrigerated extremity, 
and our precautions against this may c.xplain why our patients have never bad 
frost bite. 

Dr. .'Mien has always emphasized the inhibition of thrombosis by cold, and, 
as we stated in the .\RCHrvES of Surgery in January 19-12. our group has 
encountered no instance of thrombosis or embolism with tliis method. As our 
series now comprises over 100 amputations, this experience appears significant. 

Dr. J. Ross Ve.\l, Washington. D. C. : I have been interested in the freez- 
ing of the extremities. Dr. Crossman says it is a physiologic action. Speaking 
of physiologj- of circulation after freezing, if he cuts off arterial and venous 
circulation he creates an ideal situation in which thrombosis should occur pro- 
vided it lasts long enough. Undoubtedly one can amputate an extremity after 
it is frozen, or partially frozen, without pain and the patient may return to tlie 
ward and be comfortable and carry on his diet, but I do not think freezing in 
any way prevents thrombosis. I think it creates a field in which thrombosis 
might develop if it persisted long enough. 

There is one remark I should like to make about high ligation. It is known 
that clots from other parts of the body may lodge in the lungs. There have 
been cases in which the embolism came from the heart or some other vein of 
the body than that of the femoral stump, but I feel that the majority of the 
pulmonary complications following thigh amputations are embolic and that the 
emboli arise from the stump of tire femoral vein. 

Dr. W. J. Potts, Oak Park, 111. : There is a great deal of mystery- about 
pulmonary embolism. The causes are not known. 

An interesting observation was made by a man in England, published in the 
Lancet some time ago. He showed that in a large city hospital, where casualties 
of various kinds from London came in the number of cases of pulmonary embcH 
lism in a group of a certain size under ordinary conditions was 6, but that during 
air raids the number of cases of pulmonary embolism in the same number of 
patients increased to 24. In other words, there was a 400 per cent increase in 
pulmonary embolism. He concluded that the reason for this was that the people 
sat in chairs in tlie air raid shelters, with the legs dependent, which caused 
thrombosis. I feel certain that the mechanical factor is the large one. If one 
could find how the clotting mechanism varies in patients it would be helpful. 

Dr. Allen many years ago made, and a few years ago I repeated, a study on 
the relation of platelet count and coagulation time in postoperative patients and 
found that the latter varied from two to ten minutes, and j-et there were no cases 
of thrombosis. As Dr. Allen so well pointed out, the whole thing may be a 
matter of coincidence, which, I wish to repeat, often leads ph 3 -sicians astray in 
the evaluation of procedures. 
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The intennediary stages of the meial)olism of endogenous protein 
have been the subject of consideraide interest from the time of the 
earliest studies on the ph3'siolog3- and biochemistry of nutrition. Recent!} 
interest has been renewed or accentuated because of the increasing 
recognition of the importance of hj'poproteinemic states in clinical inecli 
cine. The recent attempts by Elman, Farr and others ' to build np 
tissue and plasma protein by supplying protein precursors intravenousl} 
emphasized the need for greater knowledge concerning the utilization 
of these materials by the organism. 

One of the least understood phases in this endogenous cycle is the 
fate of the protein-split products released b}' catabolism of tissue protein. 
It is important to know whether these products are available, wholl) 
01 in part, for the repair of damaged tissues and for the replenishment 
of piotein stores in the liver and the circulating plasma. 

Madden and Whipple and co-workers - found that the presence of 
a stei ilc abscess induced by the injection of turpentine markedly delays 
the regenei ation of plasma protein in dogs consuming an ample diet- 
1 hey felt that the sharp reduction in the curve of regeneration duiing the 
fii.st twent^'-four hours reflected in part the extravasation of plasma 
protein into the damaged tissues. However, they maintained that a 
true disturliance of the mechanism for producing plasma protein also 
occurred. 

From the Harrison Department of Surgical Research, University of Pennsyl- 
vania, Scliool of Medicine. 

1. Liman, R., and Weiner, D. O. : Intravenous Alimentation, with Speei‘‘ 
Reierencc to Protein (Amino Acid) Metabolism, J. A. M. A. 112:796 (March 
4) 1939. Elman. R.; Proc. Soc. Exper. Biol. & Med. 36:867, 1937. Farr, L. F- 
and Mcl-aydcn, D. .A.; ibid. 42:445, 1939. 

2. Madden, S. C.; Winslow, P. M.; Howland. J. W., and Whipple, C. H.: 
J. l-.xper. Med. 65:431, 1937. 
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Ravdin. Goldschmidt and Yars showed lliat diets rich in j)rotein 
protected the livers of rats from damage hy anesthesia induced with 
chloroform. They expressed the opinion that {irotein or some fraction 
of protein leads to a reduction of the amount of preexisting liver lipid 
which predisposes to hepatic injury by chloroform and that adequate 
reserves of protein would lead to more rajiid regeneration following 
injury. They showed also that the intramuscular administration of 
sodium ricinoleate protects rats receiving diets deficient in protein 
against hepatic damage. The\' expressed the belief that the protein- 
split products liberated locally and generally by tbe sterile abscess are 
utilized by the livers of these animals to maintain or replenish their 
protein stores. 

In the experiments to be described in this paper an attempt has 
been made to determine whether or not the products of protein catabolism 
initiated by sucb a process are used by the organisms for tissue repair. 

Composition, of the Diet Given to the Rats Used in the Experiments 


Percentage 


Sucrose 35.1 

Dextrin 1S.2 

Lard 15.0 

Butter 0.5 

Bone ash 2.4 

Salt mixture (Osborne and Mendel) 1.2 

Cod liver oil 2.0 

Vegex * * 5.0 


* Teges is an autolyzed yeast extract. 


METHOD 

Tlie curve of velocitj- of fibroplasia in the healing wounds of rats was chosen 
as the inde.x of tissue repair. Adult albino rats weighing between 200 and 350 
Gm. were selected. The animals were maintained throughout the e.xperimental 
period on a diet containing appro.ximately 1 per cent protein; the composition of 
the diet is given in the table. This was done in the hope that the effect of addi- 
tional protein-split products made available by sterile abscess would be more evident. 

The animals were given this diet for from ten to thirteen daj’s preoperatively. 
Careful records of the food eaten and the weight lost by each animal were made 
during this period. The animals were tlien subjected to simple laparotomy. The 
anesthetic employed was sodium amj'tal (0.0005 mg. per gram of body weight) 
given intraperitoneally. Under aseptic precautions a midline incision was made 
through the skin, the muscles and the peritoneum of the anterior abdominal wall. 
The peritoneum and the muscles were closed as a single layer by a continuous 
stitch of no. 000 plain catgut. The skin was closed as a separate layer, a similar 
suture being used. .After operation the animals were again given tlieir preopera- 
tive diets, and records of the food eaten and the weight lost were kept as before. 
Half the animals received 0.08 cc. of a 10 per cent solution of sodium ricinoleate 

3. Goldschmidt, S. : Vars, H. M.. and Ravdin. I. S. : J. Clin. Investigation 
18:277. 1939. 
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intramuscularly on tlic clay of ojicralion and on the third and sixth postoperative 
days. A different site for each injection was ciniiloyed. the nuiscles of the neck 
and the shoulders and the upper portions of the lower extremities being chosen 
in succession. 

Four to 6 rats from each of the two groups were killed daily, and the tensile 
strength of their wounds was determined. The method and the apparatus used 
in making these determinations were the same as those employed by Meade m 
his studies on the tensile strength of the diaphragm. All animals showing infec- 
tion in the wounds or at the site of injection were discarded. 


RESULTS 

Practically all the rats lost weight steadily while taking the diet low- 
in protein but remained in good condition otherwise. There were no 
significant differences in weight loss or food intake between the two 
groups (chart 1). 

The catgut skin sutures disappeared at approximately the same 
time (three to five days) in the two groups. Residual segments of the 
deep catgut sutures persisted for six to ten days in all the animals 
of both groups, but the suture had consistent!}’’ lost its continuity b) 
approximately the sixth day. In general, integrity of the deep sutures 
was maintained longer in the rats given sodium ricinoleate. 

Comparatively few wound infections occurred. Those that were 
observed had a catgut knot for their focus. Sodium ricinoleate con- 
sistently produced a sterile abscess at the site of injection. In some 
instances the abscess contained a small amount of glairy translucent amber 
fluid. No suppuration w’as encountered. The abscess wall was compose 
of inflammatory tissue containing many fibroblasts and leukocytes. There 
was considerable edema of the tissues surrounding the abscess. When 
the sodium ricinoleate had been placed too superficially, necrosis an 
gangrene of the skin resulted. In 5 cases sloughing of the gangrenous 
skin occurred. 

Spontaneous evisceration was frequent during the first five days but 
showed no significant difference in group incidence. Evisceration during 
handling and injection occurred in approximately 1 of 6 animals in 
the group given sodium ricinoleate. These animals were immediately 
killed. 

There was a rather high late mortality rate during the first eight 
days postoperatively, in both the control animals and those given sodium 
ricinoleate. Examination of those animals in which evisceration was 
not the cause of death usually failed to show any obvious gross pathologic 
chanps. The mortality rate was approximately the same in both groups. 

T he \ ariations between the individual determinations of tensile 
strength were too great to permit proper statistical treatment of the 
figures obta ined. However, the general trend of the velocity of fibro- 

4. Mc.ide. R. H.; J. Thoracic Surg. 5:503, 1933. 
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plasia was obtained by plotting a curve of the average values of eacli 
group (chart 2). From the curves thus obtained a definite retardation 
of the velocit}’ of fibroplasia can be seen in the group given sodium 
ricinoleate. The lag in fibroplasia is seen to be maximal during the 


FOOD INTAKE 


Ccnirol : 


ic.Vaff 


Gn 



Chart 1. — Dietary intake of control rats and of those given sodium ricinoleate. 


tensile strength 



Chart 2. — Cur\-e of velocity of fibroplasia in healing wounds of rats given a 
diet low in protein. 


period from five to ten days after operation. The relation of the lag 
in fibroplasia to the period of injection of sodium ricinoleate should 
be noted. It also is of interest that fibroplasia began twenty-four hours 
earlier in the group given sodium ricinoleate than in the control group. 
The individual variations in tensile strength in the control group and 
the group given sodium ricinoleate are shown in charts 3 and 4. 
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TENSILE STRENGTH 

Gm 
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Chart 3. — Determinations of the tensile strength of wounds of rats in the 
control group. 
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COMMENT 

Studying the rale of cicatrization of wounds in dogs, Clark '■ rejtortcd 
that the feeding of diets liigli in protein abolished tlie latent period of 
cicatrization so that fibroplasia began immediatel}’. With an adequate 
mixed diet the latent period was four days. A diet high in fat and 
low in protein increased the latent period to six da3’S. 

The careful experiments of Harve}'- and Howes ° showed that feed- 
ing diets high in protein increases tlie velocit}- of fibroplasia in the 
healing stomach wounds of rats. The latent period was not affected 
in their experiments. They reported also that partial or complete 
starvation of adult rats at first caused a definite lag in fibroplasia during 
the first ten da}-s but that a compensatorv acceleration occurred during 
the last phase of the healing process which more than compensated 
for the initial lag. It is important in the light of the present experi- 
ments to emphasize that increased endogenous catabolism of protein 
in the starved and semistar\-ed animals was stated by Harvej’ and Howes 
to be responsible for this acceleration. 

In the present experiments it was hoped that a greater lag in 
fibroplasia would be produced by feeding a diet low in protein and that 
consequent!}’' the accelerating effect, if any, of endogenous protein 
catabolism would be magnified. In the experiments of Harvey and 
Howes ' the increase in endogenous tissue breakdown was the result 
of starvation and appeared during the last phase of the healing process. 
In the present experiments, breakdown of tissue bas been greatly 
increased by the injection of sodium ricinoleate and has been marked 
within twenty-four hours after the first injection or, in other words, 
by the end of the first postoperative day. 

Comparison of the curves of velocity of fibroplasia in the two groups 
suggests that the injection of sodium ricinoleate retarded rather than 
accelerated fibroplasia. The general similarity of the two curves should 
be noted. The lag in fibroplasia in the animals given sodium ricinoleate 
occurs entirely in the first portion of the cun’e before it reaches a 
horizontal phase at the tenth day. In both cur\’es there is a sharp 
increase in the velocity of fibroplasia after the twelfth and thirteenth 
days, respectively. It is interesting to obser\’e tiiat, in point of phase, 

5. Clark, .K. : Bull. Johns Hopkins Hosp. 30:117, 1919. 

6. Harvey. S. C. : }'elocity of Growth of Fibroblasts in Healing Wound, 
Arch. Surg. 18:1226 (April) 1929. Harve 3 -, S. C., and Howes, E. L. : .A.nn. 
Surg. 91:641, 1930. Howes, E. L.; Briggs, H.; Shea, R., and Haiwey, S. C.: 
Effect of Complete and Partial Starvation Rate of Fibroplasia in Healing Wound. 
.\rch. Surg. 23:846 (Nov.) 1933. 

7. Howes, E. L. ; Harvey, S. C.. and Hewitt, C. : Rate of Fibroplasia and 
Differentiation in Healing of Cutaneous Wounds in Different Species of .Animals, 
■Arch. Surg. 38:934 (May) 1939. 
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the curve of the group given sodium ricinolcate consistently precedes 
that of the controls by twenty-four hours. Thus, fibroplasia begins 
on the third day in the group given sodium ricinoleate and on the 
fourth day in the controls. 1 he horizontal phase in the curve is reached 
by the tenth day in the animals given sodium ricinoleate, and not until 
the eleventh day in the controls. The secondary, compensatory rise in 



t I ^ ^ Curve of velocity of growth of fibroblasts in healing wound of the 
stoiuacli of the rat (after Harvey). 


li tioplasi.i Ijcgins at twelve days in the group given sodium ricinoleate 
thiitecn da}s in tlie control group, reaching average values of 
and 1,160 Gm., resjiectively. Tlie average tensile strength of the 
it.ict abflominal wall of rats fed for tw'cnt^'-five days with the diet 
jw in protein has been determined Iw the present methods to be 2,300 
m. n IIar\c\ s calculations the tensile strength developed in the 
u.i in„ wounds of the rat’s stomach approximated that of the intact 
‘'lom.ie 1 ly the tenth day (chart 5). Similar experiments on the tensile 
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strength of cutaneous wounds in the rat revealed that the incised wounds 
did not develop tensile strength equal to that of the intact skin until 
well past twenty days (chart 6)." 

The criticism may be made that determinations of the tensile strength 
of a layered wound, such as an incised wound of the abdominal . wall, 
cannot be expected to give uniformly significant results. Actually, how- 
ever, only the strength of the musculofascial union, which functioned 
as a single layer, was tested in these studies. The cutaneous wound 



Chart 6. — A, early breaking strength of cutaneous wounds; B, later breaking 
strength of cutaneous wounds (after Howes, Harve}’ and Hewitt). 

invariably gave way before the main wound, usuallj^ at a tension 200 
to 300 Gm. less than the final calculation of tensile strength. 

It is to be regretted that the curves of fibroplasia were not follotved 
for at least ten to fifteen days more. Ravdin, Vars and Goldschmidt ® 
demonstrated storage and utilization b}’- the liver of the protein-split 
products liberated from sterile abscesses in the rat. There may well 
be an intermediate hepatic phase in the endogenous catabolism of tissue 
protein, which must take place before these products of protein degen- 
eration can be utilized b}’ the organism for tissue repair. 

S. Ravdin, I. S. ; Vars, H. Jf., and Goldschmidt, S. : T. Clin. Investigation 
18:633, 1939. 
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CONCLUSIONS 

The presence of a sterile abscess retards tlie velocity of fibroplasia 
in the healing wounds of rats on a diet low in protein. 

This effect is most noticeable during the period from the fifth to 
the tenth day after operation. 

No evidence is furnished b}’ the results of these experiments that 
protein-split products liberated by the breakdown of tissue in the forma- 
tion of a sterile abscess are utilized in wound healing. 

A hepatic phase in the cycle of endogenous protein catabolism may 
be necessary before such protein-split products can be utilized by the 
organisms to repair damaged tissue. 

Harrison Department of Surgical Research, University of Pennsylvania 
School of Medicine. 
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The great increase in the use of spinal anestliesia during the past 
two decades has been accompanied b}* a corresponding increase in the 
number of studies relating to its clinical aspects. But the basic question 
of the dynamics and fate of the drug itself has not been adequately 
treated. We therefore embarked on a program designed to develop and 
utilize trustworthy technics which would enable us to trace the course 
of the drug, detennine what changes, if any, it underwent and find the 
site and the mechanism of these changes. While this program has not 
been completely fulfilled, we believe sufficient information has.been gained 
to assist materiall}’’ in the understanding of spinal and local anesthesia 
induced by procaine hydrochloride. 

The first step was the development of a delicate analytic method 
for the determination of procaine in the various body fluids. Since it 
soon appeared that the procaine is rapidly detoxified, it was necessar}* 
to develop several supplementary' procedures to enable us to distinguish 
each of the products of detoxication separately'. 

The basic reaction on which all the determinations reported here were 
based is the classic diazotization followed by' coupling with an aromatic 
amine. The resultant dye is determined colorimetrically. When the 
determination is carried out thus on a native body fluid, the fraction is 
merelv designated “free” and does not necessarily' correspond to any 
single chemical entity. To determine procaine one makes the fluid 
alkaline with sodium carbonate and extracts it with ether. The ether 
solution is extracted with acid, and the diazotization reaction is carried 
out on the acid solution. 

The alkaline solution remaining after the ether extraction may be 
acidified and diazotized in the usual way. The value thus obtained is the 
best measure of the amount of procaine which has been hydrolyzed. 

“Total” designates the sum of the free aromatic amines and the 
acetylated or otherwise blocked amines which are hydrolyzed by boiling 

From the Richard ^forton Foster Research Laboratory. 
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with hydrochloric acid. All values arc expressed in terms of procaine 
equivalent. 

When it is desired to determine a small amount of acctylated product 
in the presence of a much larger concentration of “free” substance, the 
following procedure is used: Ihc diazotization is carried out as usual, 
but instead of proceeding with the couj)ling one heats the solution to 
destroy the diazonium salt and at the same time hj’drolvze the acetylated 
portion. Then a second diazotization is carried out, followed by the 
usual coupling and the colorimetric determination. The details of these 
pioceduies will be reported in a subsequent communication. 

Before we present our results it ma}' be desirable to summarize 
some of the possible biochemical reactions of procaine. Procaine may be 
hydrolyzed at the ester link to yield paraaminobenzoic acid and diethyl- 
aminoethanol. This reaction takes place slowl}' in pure water, but it 
may be accelerated by acid, alkali or other catalvsts. 


H=N— 


O 

// 

-C C=H. 

\ / 

OCH=CH»--N 


H-N 




O 


CsH5 


\ 


Procaine 


OH 


Paraaminobenzoic 

Acid 


GHs 

/ 

+ HOCH=CH=N 

GH. 

Dieth3daminoethanol 


The products, paraaminobenzoic acid and diethylaminoethanol, are 
pharmacologically inert. Diethylaminoethanol can conceivably enter into 
a number of different reactions, but since distinctive analytic tests for it 
are lacking, its behavior in the body is at present unknown. It may well 
be excreted unchanged. On the other hand, paraaminobenzoic acid 
possesses functional groups the behavior of which in the body has been 

thoroughly studied. Like other aromatic amines, it may condense with 
acetic acid. 


H=N— 


O 



OH 


Paraaminobenzoic Acid 


-^CH 


O 



Paraacetaminobenzoic Acid 


In analogy with the well known reaction of benzoic acid, the carboxyl 
group may condense with aminoacetic acid, yielding paraaminohippuric 
acid. 



Paraaminobenzoic 

Acid 


o o 

^_C— N— CH=C 

H OH 

Paraaminohippuric 
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It is also known that a small percentage of ingested benzoic acid is excreted 
as the glycuronate. The same reaction may be expected in the case of the 
paraamino derivative. It is also conceivable that a hydro.xyl group may be 
introduced into tlie nucleus, subsequently conjugating with glycuronic acid in a 
glucosidic linkage. 

The fall in concentration of procaine following intrathecal injection 
has been the subject of several papers. It has been shown that at the 
site of injection there is a rapid initial fall in concentration which is clearly 
attributable to turbulent mixing of the injected solution with the spinal 
lluid.^ But there is as yet no convincingh- demonstrated explanation for 
the slow but important fall Avhich is responsible for the limited duration 
of the anesthesia. Koster, Shapiro, Warshaw and I\'Iargolick = have 
shown that it is possible to recover two thirds of an injected dose five 
minutes later by draining and washing out the subarachnoid space but 
that at the termination of anesthesia (about one hour later) less than 
10 per cent is recoverable. Among the theories put foru-ard at -i-arious 
times to explain the disappearance of the drug are fi.xation on nerve 
tissue, vascular absorption and hydrol 3 'sis to paraaminobenzoic acid. 
A possibility which has not been considered thus far is the formation of 
an acetylation product, either acetylprocaine or paraacetaminobenzoic 
acid. 

The last two theories ( h)^drol 3 -sis and acet 3 -Iation) were tested directly 
by analyzing samples of spinal fluid taken from patients under spinal 
anesthesia. The data obtained are summarized in table 1 and show that 
even when the anesthesia is wearing off about 97 per cent of the drug 
still present in the spinal fluid has undergone no change. About 2 per 
cent has been h 3 -drolyzed and less than 0.5 per cent acet 3 -lated. These 
two theories ma 3 ' therefore be ruled out. 

To check the validity of the other two theories, namely, the fixation 
and the vascular absorption theor 3 ', it is instructive to consider the results 
of anah'ses done on samples of blood taken at various inten^als after 
the injection of procaine h 3 'drochIoride (table 2). It will be seen that 
although the concentration of procaine plus products of detoxication 
(total) is low (1 to 8 parts per million) the amount present in the 
5 or 6 liters of circulating blood is not inconsiderable. In each case 5 
to 10 per cent of the drug is accounted for. What is the fate of the 

1. Kiistner, H., and Eissner, W.: Munchen. med. Wchnsclir. 77:622. 1930. 
Koster, H. ; Shapiro, A., and Leikensohn, A.: Am. J. Surg. 33:243, 1936; Con- 
centration of Procaine in Cerebrospinal Fluid of Human Being .After Sub- 
arachnoid Injection, Arch. Surg. 37:603 (Oct.) I93S. Koster, H. : Siiapiro, A., 
and A’’arshaw, R. : Concentration of Procaine in Cerebrospinal Fluid of Human 
Being .After Subarachnoid Injection, ibid. 39:97 (July) 1939. 

2. Koster, H. ; Shapiro. A. ; \3'arshaw, R.. and Margolick, M. : Removal of 
Procaine from Cerebrospinal Fluid During .Anesthesia, .Arch. Surg. 39:682 (Oct.) 
1939. 
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remaining 90 per cent? It seems most |)n)I)al)Ie that it is dispersed 
uniformly througlioul .all the body lUiids, just .as is the case with the 
closely related sulfanilamide." In the last column of table 2 are pre- 
sented the amounts of total ]n‘oducts of detoxication estimated to be 
present in the lot.al bod\’ water of each patient, the concentration being 
assumed to be equal to that in the hltiod. 'J'o verify the dispersion of the 
products of detoxication in this manner three experiments were done in 
which 300 mg. of paraaminohcnzoic acifl was injected intravenously into 


T.-mh.k 1 . — Hydrolysis and .Ict’tylotioii in Sf'iitnl I’luid 
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T.MiLE 2 . — Blood Analyses Durhu/ Spinal Ancsilicsia 


Patient 

Dose of 
Proeaine 
Hydroehlotide, 
Mg. 
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-Anestlicsia 
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200 
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0.004 
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0.53 
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0.009 

0.14 

OS 

0.010 
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human subjects and samples of blood were withdrawn at short inteivals 
thereafter. The results showed that about 90 per cent of the substances 
had left the blood stream in five to ten minutes. This is the fraction to 
be expected if the amounts of paraaminobenzoic acid in all the body 
fluids were in equilibrium, since the blood volume is roughly 10 per cent 
of the body water. 

3. So uniform is the distribution of sulfanilamide that it has been proposed 
by E. E. Painter (Am. J. Physiol. 129:744, 1940) as an agent for the experimental 
etermination of body water. It is interesting to note the opinion of Dunlop” 
that in the dog procaine itself “is very rapidly removed from the blood by the 
tissues until equilibrium is reached between the tissues and the blood in respect to 
concentration of procaine.” 
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It seems clear, therefore, that vascular absorption of the procaine is 
the primary reason for the fall in concentration in the spinal fluid. 
A residual 10 or 20 mg. of procaine ma)- be recovered from the spinal 
fluid at the termination of anesthesia by the technic already mentioned. - 
While our findings do not elucidate the mechanism of the production of 
anesthesia, the}’ indicate that if procaine is indeed “fixed” in the nen-e 
tissue the total amount necessar}- must be relatively small. 

Several authors have asserted that many of the striking phenomena 
accompanying spinal anesthesia are due to the presence of high con- 
centrations of procaine in the blood : 

The dosage of novocaine [procaine hj-drochloride] is so high that die amount 
absorbed into the blood causes a general analgesic state, and the itching, drowsi- 
ness and stupidit}’ of the patient, which has been described by various observers, 
is evidence of die action of the circulating drug on the sensorj* nerve endings 
in the skin and on the cortical cells of the cerebrum. . . . All the novocaine 
absorbed into the blood before this begins serves onh’ to poison the patient and 
effects no useful purpose.'* 

Once the fact of [vascular] absorpdon is accepted, the untoward effects of 
spinal anesthesia might be explained on a simple pharmacologic basis. It will 
explain the nausea and vomiting (in the absence of abdominal manipulation and 
psychic causes), the intense itching occurring well above the level of anesthesia 
in some patients, the fall in pulse seen so frequently (probably due to the well- 
established depressant action of novocain on the heart musculature) and respira- 
tory depression or failure by its action on the respiratoiv- center. All these 
phenomena are known to occur after accidental intravenous injection of novocain. ^ 

If procaine does indeed circulate in the manner indicated, it should 
respond to suitable chemical tests. The data in table 2 show that even 
after two or three times the usual dose of procaine hydrochloride the 
maximum concentration in the blood was only 0.016 mg. per hundred 
cubic centimeters. It is known that in experimental animals when rapid 
intravenous injection is used a dose of about 20 mg. per kilogram of body 
weight must be reached before toxic s}Tnptoms begin to be discernible. 
It should be appreciated that immediately after the injection the concen- 
tration of procaine in the animal’s blood must approach 25 mg. per 
hundred cubic centimeters, or fifteen hundred times the highest con- 
centration ever observ^ed in the blood of a human being under spinal 
anesthesia. Moreover, if the drug is allowed to enter the blood stream 
slowly (as is the case in spinal anesthesia), as much as 400 mg. per 
kilogram of body weight may be administered \wth impunit}'.* Finally, 
attention is called to the report of MacDonald " that “the full spinal 

4. Jones, W. H. : Brit. M. J. 2:488, J93]. }Vright, A. D., and Adams, 
A. W.: ibid. 2:212. 1931. 

5. Nowak, S. J. G. : Anesth. & Analg. 12:232, 1933. 

6. Hatclier, R. -A.., and Eggleston, C.: J. Pharmacol. & Exper. Therap. 
8:385, 1916. 

7. MacDonald, A. D. : Lancet 1:756, 1937. 
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dose was injected direcllv into the veins of a hntnan heint; “witiiout 
ill effect.” 

In snminary, we helicve we are juslilied in stating that no appreciable 
concentration of procaine is hnilt nj) in the lilf'od dnring spinal anes- 
thesia and that even if the concentration were .several tinic.s the actual 
one It w'onld not produce the effects attrihnted to it hy the proponents 
of the toxic absorption theorv. 

Evci since the work of Ifatcher and Eggleston'"' it has been accepted 
that the liver is charged with the function of detoxifying procaine. 
Goodman and Gilman stated ; “'riiere is abundant proof tliat the liver 
IS the site of destruction of the local anesthetics.” Dunlop.'’ working 
with dogs, verified the imix)rtant role of the liver and claimed that a 
Starling heart-lung preparation also had some slight activity. However. 
Ill a control experiment he found that blood was completely inactive. 


Table 3. Hydi olylic and Acctylaliiuj Action of Iliiinan Blood on 
Procaine Hydrochloride in I’itro * 

Percentage Hydrolyzeil r creeatnge Acetylatg^^ 

Time of Incubation Unhented Uented Unheated 

Blood Blood Blood jjioou 

5 min 

somin f 

21 hr •• 0 

. . . . 04 " 

mcula^tef P'"" ^ ^2 per cent BOdiuin eitrote solution 

Of t‘ioi c^trih^'hor 

Our own experiments, limited thus far to blood of human beings and 
dogs, are not m agreement with this view. In table 3 we summarize 
a typical experiment carried out with a sample of normal human blood, 
i he blood was incubated with procaine hydrochloride in a concentration 
o 3 mg. per hundred cubic centimeters. This is the concentration which 
would result if 150 mg. of procaine hydrochloride (one average dose) 
vere diluted to 5 liters, the blood volume of the adult human being- 
n this experiment 50 per cent of the drug was detoxified in the first 
hilt ” Other experiments even greater activity was showm 

meter. a concentration of 21 mg. per hundred cubic centi- 

72 ner ^ required two hours of incubation to hydrolyze 

Fae^ .rr 1 1 of canine blood were tested, 

samples ^ ^ ^ definite activity, although far less than the human 


A Textbook of'phar^"'* Gilman, A.; Pharmacological Basis of Therapeutics. 

Jifeclical Students, New^YorrTh°’M'’'°®at Therapeutics for Physicians an 
9 Dunlon T r T Macmillan Company, 1941. 

9. Dunlop, J. G.: J. Pharmacol. & Exper. Therap. 55:464, 1935. 
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Can the discrepancy between our work and the work of Dunlop and 
Hatcher and Eggleston be reconciled ? Dunlop described a single incuba- 
tion experiment which “showed that blood alone has no effect on pro- 
caine.” In a similar experiment with canine blood but with the use of 
our analytic methods, we found 30 per cent of the procaine destroyed. 
This difference of 30 per cent was perhaps within the limits of error of 
Dunlop’s test, which he admitted was “only an approximate quantitative 
estimate.” However, the use of smaller concentrations of drug leads to a 
much larger percentage of destruction. It is unfortunate that the relative 
insensitivity of the alkaline betanaphthol reagent apparently did not 
permit the use of lower concentrations. 

“In order to test whether the blood fixes novocaine,” Hatcher and 
Eggleston chose a far higher concentration (375 mg. per hundred cubic 
centimeters of the dog’s blood) and reinjected the blood into the dog. 
The fact that the dog showed the symptoms to be expected if none of the 
drug had been destroyed was taken as evidence that the blood did not 
“fix” procaine. Hatcher and Eggleston apparently did not consider an 
enzymatic effect since they seem to have reinjected the blood promptly 
without any incubation. Obviously, this is a rough test at best and can 
indicate only the destruction of a large proportion of the procaine. 

In the course of our experiments on detoxification in vitro it was 
noted not only that the procaine was hydrolyzed but that there w’as a 
diminution in the value for free amino groups, this process usually 
approaching completion in about twenty hours. Hydrolysis with hydro- 
chloric acid, however, regenerated the free amino group. It is most 
probable that the process is an acetylation, but this is somewhat difficult 
to prove. Confirming this assumption is the fact that dog’s blood does 
not show this power of blocking the amino group. It is well known that 
dogs do not aceUdate aromatic amines. However, the process seems to be 
relatively slow as compared with h)"drolysis, and it is impossible even to 
guess whether the acet 3 dation which takes place in the blood represents 
a major or a minor fraction of the acetylation which occurs in the body 
as a whole. 

Separate experiments were carried out to determine whether or not 
the processes were of an enzymatic nature. It was found that heating the 
blood to 56 C. for three hours inhibited h 5 "drolysis of the procaine, while 
the acetylating mechanism was completely destroyed. Addition of 0.3 per 
cent sodium fluoride likewise inhibited both mechanisms. These facts 
stronsflv sueaest that the reactions are enzymatic in nature. 

10. It should be noted that an acetate concentration of only 0.65 mg. per hun- 
dred cubic centimeters is theoretically necessary for the complete conversion or 
all the paraaminobenzoic acid to the acetamino deri\ative. Preliminary e.xperi- 
ments to determine whether the addition of sodium acetate would accelerate the 
reaction were inconclusive and had to be abandoned for lach or time. 
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Table 4. — Urinary Excretion of Procaine Detoxication Products after Subarachnoid 
Injection of Procaine Hydrochloride — Continued 
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Per- 


Hydro- 

Hours 


Detoxl- 



Procaine 

centage 


chloride 

Alter 


cation 


Per- 

Hydro- 

Bccovered 


Injected, 

Injec- 

Urine, 

Product, 

Percentage centage 

chloride, 

(Cumu- 

Patient 

Jle. 

tion 

Cc. 

Mg. 

Acetylated 

Free 

Mg. 

latiyej 

Ir. 

SCO 

1 

44 

4.S4 

S.3.0 

ir).o 

0.30 

l.r, 



s 

140 

1S2.S 

97.5 

2.5 


62.5 



24 

370 

50.2 


1.3 


79.3 



4S 

430 

S.7S 

.... 




Total.. 




. 246.62 




S2.2 

As. 

300 

5 

20G 

207.C 

96.3 

3.7 


G9.2 



24 

170 

36.4 

04.S 

5.2 


S1.3 



4S 

160 

3.0 

.... 



.... 

Total. 




. 247.0 




S2.3 

Fr. 

430 

5 

142 

1S5.S 

97.S 

o o 


42.0 



24 

330 

190.S 

9G.G 

3.4 


S3.7 



4S 

1,025 

73.4 


... 



Total. 




. 450.0 




100.0 


It is at once obvious that if our experiments on the destruction of 
procaihe b}" blood in vitro are accepted the experiments on the subject 
alread}’ in the literature must be reevaluated. Whether tests are carried 
out with organ mashes or b}’ perfusion technics, the hydrolytic activity 
of the blood must be considered. It is also clear that the great difference 
between the activity of canine and human blood makes the value of 
experiments on dogs dubious. We have not had an opportunity to 
examine other species which might approximate man more closely. 
Nevertheless, we do not doubt that the liver also is capable of hydrolyzing 
procaine. It would be surprising if this great manufactory of esterase 
were incapable of doing this. The liver may in fact be the source of the 
esterase present in the blood. 

For measuring the rate of excretion of the drug postoperative samples 
of urine were collected b}' means of an indwelling catheter. A pre- 
operative sample was also taken to insure the absence of any possible 
interfering substances due to earlier medication. The first result to be 
noted is the practical absence of procaine in the urine (table 4). This, 
however, should occasion no surprise, as it is known that even shortly 
after the injection nearly all the drug present in the blood is already 
detoxified. Although procaine itself is practically absent from the urine, 
nevertheless the detoxification products are found in quantities cor- 
responding to about 90 per cent of the injected drug. This is a rela- 
tivelv high percentage, considering the small quantity of drug and the 
manifold biologic and technical factors which might lead to incomplete 
recoverv. Whether anv portion of the drug is e.xcreted in feces or sweat 
or by anv other route has not been investigated. 

The e.xact chemical composition of the products of detoxification is 
difficult to determine, but fractionation at varying />h’s leads us to believe 
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that, about 2 per cent is excreted as p:iraamiiiolK:»zoic acid and about 
30 per cent as paraacelaniiiidbeuzoic acid, the remainder being made up 
of paraacetaminobenzoyl glycine and paraacetaminoiicnzoyl glycuronate. 


SUM MARY 

By means of new chemical technics it is shown that procaine within 
the subarachnoid space remains essentially unchanged. The fall in con- 
centration of procaine, which, is responsible for the wearing off of anes- 
thesia, is due to vascular absorption. 

Once in the blood stream procaine is rapidly hydrolyzed (detoxified) 
by an enzyme. 

There is also a less active enzyme which acctylatcs the free ammo 
group. 

At no time is there any appreciable trace of procaine in the bloo , 
hence, the cause of various “toxic” efTects which have been attributed to 
a procainemia must be sought elsewhere. 

The products of detoxication leave the blood stream rapidl)^ until 
equilibrium is approached between the blood and all the other tissues. 

Nearly all the injected procaine (90 per cent on the average)^ is 
excreted in the urine, but only in the form of products of detoxication 
more or less equally divided between paraacetaminobenzoic. aci 
pai aacetaminohippuric acid and paraacetaminobenzoyl glycuronate. 

40 Maple Street. 



THORACOABDO^IINAL GUNSHOT WOUNDS 

A REVIEW OF EIGHTY-FOUR CASES 
CAPTAIN HARRY G. HARDT Jr. 

AND 

MAJOR LINDON SEED 

JIEDICAL CORPS, -ARMY OF THE UNITED STATES 

Thoracoabdominal gunshot wounds are grave injuries which must 
be carefully studied and energetically treated. A penetrating projectile 
has no respect for fascial planes or divisions between bod}" cavities; 
hence a combined lesion must be considered in all wounds of the lower 
portion of the thorax and the upper portion of the abdomen. Because of 
the great physiologic difference in the character of the abdominal and 
the thoracic cavit}’, injury to both as occurs in a penetrating wound con- 
tributes more profoundly to the patient’s shock than injur}' to either of 
the cavities alone. 

Thoracoabdominal penetrating wounds are common lesions during 
warfare. This type of lesion constituted 9 per cent of thoracic wounds 
and 12 per cent of abdominal wounds seen at the casualty-clearing sta- 
tions of the British Expeditionary Forces in World War I according 
to MacPherson and associates,^ Taylor- and Wallace and Fraser.® 
Jolly ^ found that 11 per cent of abdominal wounds in evacuation hos- 
pital units during the Spanish civil war were combined lesions. Heyd ® 
reported that 10 per cent of the patients with wounds of the chest had 
wounds of the diaphragm and that 12 per cent of the patients with 
abdominal wounds seen by him in the American Expeditionary Forces 
of World War I had comcomitant injuries of the chest. Lee,® however. 

From the Department of Surgery, University of Illinois College of iledicine. 
and the Cook County Hospital. 
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foinul ihal only -l.O jmt (.•cut <if all thoracic \votinfl> I^cl iicnctraled 
the ahdomcii in the American h'.xpcdilionary h'orccs of World War I. 

h'or this stnely B4 cases of comljined thoracoabdominal gunshot 
wounds were reviewed from the records of the Cook County Hospital 
and the Cook County Morgue. 'I'he patients in this study represent 
patients observed at these institutions during a four year period (1933 
to 1937). Twenty-nine of these jiatieiits were treated at the Cook 
County Hospital ; 55 were exatnined l>v the Cook County coroners statt- 
Operation or postmortem examination was performed on all of the 
patients who died. Seventy-nine of these jiatients were wounded b) 
rifle or revolver bullets in which all <jf the common calibers were repre 
sented. There were 5 shotgun wounds. 


Cr..\SSIFICATION* 

Several classifications of thoracoabdominal wounds hate been 
described." For this study it was found coitvenient to classif) the 
wounds according to the clinical manifestations jwesented. WHien seei 
in the accident rooms of municipal hospitals during civil life or in tie 
forward classification posts during warfare, the clinical manifestatioi 
of these tvounds exhibit one of the following varieties: (1) 
(hemorrhage) syndrome; (2) thoracic (respiratory) syndrome; ( 
peritoneal syndrome; (4) retroperitoneal syndrome. 

Shock (Hemorrhage) Syndrome . — Massive hemorrhage is the char 
acteristic finding in the group of patients showing the shock (henio 
rhage) sjmdrome. In many of these patients penetration of the hea 
is found at autopsy (fig. 1 ^4). The patients die soon after being sho^ 
Wdien the aorta or the vena cava is penetrated, death also occu 
rapidly. In some cases extensive laceration or pulpification of the hve , 
the lungs or the kidney gives rise to a rapidly fatal hemorrhage. Occ 
sionally when a smaller vessel is severed the patient may live for severa 
hours after being admitted to a hospital; it is only under such circuni 
stances that any hope of successful therapy can be entertained. As 
een noted in a previous paper,® the majority of wounds of the hear 
enter the lower middle or left anterior portion of the thoracic wall, an 

protection of this area would be effective in preventing man}'’ of 
wounds. 


_ . ^ ^°‘'^°”‘Taylor, G.; Chest Surgery in War : Abdominothoracic Injur' 

ri . 37. J. 1:862-864 (June 7); 898-901 (June 14) 1941. (b) Heyd.® 

of P Seed, L. : Comparison of the Course and 

Fatal and Aonfatal Gunshot Wounds of the Chest, War Med. 2:623-634 (JulH 
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In warfare also man)’^ of the patients die before they can be evacuated 
to a hospital. According to Duval,® during warfare at least 50 per 
cent of the patients with penetrating wounds of the thorax die soon 
after injurj-, in the aid posts or in the ambulance units. For this reason 
many of the cases of massive hemorrhage do not appear among cases 
reported from military hospitals during war. 

Thoracic (Respiratory) Syndrome . — The majority of the wounds 
causing the thoracic (respiratory) syndrome penetrate the lower lobe of 
the right lung or the right costophrenic sinus, pierce the diaphragm 



Fig. 1. — Typical courses of projectiles: A, causing the shock (hemorrhage) 
syndrome; B, causing tlioracic (respiratorr') sjmdrome; C, (a) causing peritoneal 
syndrome and (6) causing retroperitoneal syndrome. 

and cause a tunneling or grootnng lesion of the dome of the liver 
(fig. IS). Right-sided hemothorax is frequently present. Hepatic 
bleeding is usuall}" not excessive ; according to He 3 'd ® hemorrhage is 
usually arrested b}’ the time a laparotomy can be done. Of course, in 
some cases Assuring and shattering of the liver cause profuse and con- 
stant hemorrhage, but the condition is then classified under the hemor- 
rhage st'ndrome. A similar clinical picture is occasionally present in 

9. Duval, P. : War Wounds of the Lungs; Notes on Their Surgical Treat- 
ment at the Front, New York, William Wood &: Company, 191S. 
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wounds of the lower p:ivt of the left lung nnd tlie spleen. The clinical 
course of these wounds is similar to that of penetrating wounds of the 
right side of the thorax. Early and uneventful recovery usually follows. 
Occasionally hemothorax must he treated by aspiration and replace- 
ment with air, but rarely is any operative therapy necessary. Wounds 
of the right hypochondrium were described as the most benign of any 
of the abdominal wounds by Keogh’*’ (fig. 2). 



areas after Keogh i®). 

Pcnloncal Syndrome . — The peritoneal S 3 ’nclrome is characterized 
by the penetration of hollow viscera. The lower lobe of a lung or the 
costophrcnic sinus on either side of the thorax is penetrated, and the 
stomach or other portions of the intestinal tract arc perforated (fig- 1 ^)- 
In addition, there is often penetration of one or more of the solid organs 

10. Keogh, A.; Medical and Surgical Therapy, New York, D. Appleton and 
Company, 1918, vol. 3, pp. 377-383. 


HARDT-SEED— THORACOABDOMINAL GUNSHOT WOUNDS 63 


in the peritoneal cavity or in the retroperitoneal region. The clinical 
manifestations are those of peritoneal reaction seen in perforation of 
any hollow viscus. Shock, abdominal tenderness, boardlike rigidity, 
nausea and occasional vomiting are usuall}' present. Peristaltic sounds 
are absent ; and distention soon appears. In these cases immediate oper- 
ative repair is required; othenvise the subsequent infection becomes 
overwhelming. 

Retroperitoneal Syndrome. — A small portion of abdominothoracic 
gunshot wounds present a clinical picture which has been called a retro- 
peritoneal s)mdrome by Joll)^^ The principal wound is found in the 
mesentery and the retroperitoneal organs (fig. 1 C). Pallor, weakness, 
feeble pulse, low blood pressure and other signs of shock are present. 
There is little pain and no evidence of peritoneal reaction. The shock 
becomes more profound, and death ensues. The exact causation of this 
syndrome is not clear. There is insufficient bleeding to account for the 
shock present. Joll}- ■* expressed the opinion that the manifestations are 
due to damage to the splanchnic nerr^es. 

WOUNDS OF INDIVIDUAL ORGANS 

Frequency . — The frequency with which individual organs were pene- 
trated is given in table 1. Not uncommonly a projectile penetrated the 
costophrenic angle ; for this reason no thoracic organ was penetrated in 
some cases. The order of frequency varies somewhat from the rate of 
frequenc}' reported by Jolly.^ In this series there were more wounds 
of the kidne}^ and fewer wounds of the spleen? so that the frequency of 
injury of these two organs is the reverse of that reported by Jolly.’* 

Thoj-ax. — Heart: The heart was injured in 21 cases (25 per cent). 
In 17 of these there was complete penetration of at least one wall, 
and in 1 the myocardium was deeply lacerated. AH of these patients 
died before they could be admitted to a hospital. In 3 cases there was 
simple contusion or grooving of the myocardium; the patients lived 
three hours, twelve hours and twenty-four hours respectively after 
being admitted to a hospital. 

Since most of these patients die before they can be admitted to a 
hospital, the}' can rarely be treated with any hope of success. Occa- 
sionally a grooving or saucerizing lesion of the myocardium can be suc- 
cessfully sutured if recognized early. Elkin,**^ Bigger,*- Griswold and 
IMaguire and others have recorded numerous instances of successful 

11. Elkin. D. C. : The Diagnosis and Treatment of Cardiac Trauma. .Ann. 
Surg. 114:169-185 (Aug.) 1941. 

12. Bigger. I. H. : The Diagnosis and Treatment of Heart }Vounds, South. 
M. J. 33:6-11 (Jan.) 1940. 

13. Griswold, R. A., and Maguire, C. H. : Penetrating Wounds of the Heart 
and Pericardium, Surg., Gynec. S: Obst. 74:408-418 (Feb. 13) 1942. 
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repair of a pcnclralccl heart. In the majority of cases in which treat- 
ment was successful, the wounds were caused by a knife or an ice pick. 
These weapons cause small wounds which jocnctratc only one cardiac 
wall and in most cases do not penetrate the pleural cavity at all. In 
gunshot wounds there is usually complete penetration of the heart and 
frequently an opening into the pleural cavity which allows massive 
hemorrhage to progress to the point of exsanguination. Cardiac tani- 
ponade, a common finding in knife wounds, is not frequently seen in 
gunshot wounds. The diflcrcncc in these two types of lesions has been 
previously described by Bigger.’^ 

Lungs ; A lung may sustain a simple drill hole type of wound from 
a penetrating bullet, or it may be extensively lacerated and contused. 


Table 1. — Frequency zL'ith Which Individual Or()ans Were Pcnciralcd hy 

Gunshot 1 Founds 


Organ 

Thorax 

Oases 

Percentage 

Right lung 


27.4 

Left lung 

no 

SS.1 

Heart 


25.0 

Abdomen 



Liver 


70.3 

Stomach 

nn 

35.7 

Kidney 


20.2 

Large intestine 

in 

15.4 

Spleen 


14.3 

Pancreas 


14.3 

Small Intestine 

5 ; 

9.5 

I Adrenal gland 


4.7 

Aorta 


4.7 

Vena cava inferior 


4.7 

Gallbladder 


• 1.2 

Innominate vein 


1.2 


Most injuries of the latter type are caused by shell fragments. The 
track of the projectile is usually surrounded by a zone of parenchymal 
hemorrhage. In some cases' profuse bleeding into the parenchyma of 
the lung or the bronchial tree occurs.'* Hemothorax or hernopneumo- 
thorax is usually present. If these are minimal in extent, no active 
theiapy will ordinarily be required; moderate or large accumulations of 
blood should be treated by aspiration and replacement with air. When 
there is extensive damage to the lung in addition to hemothorax or a 
lar^e intiaplemal foreign body is present, thoracotomy and repair of 
the lung are the treatment of choice. Pneumothorax ordinarily is 
desirable to secure adequate rest for the lung to promote healing. Occa- 
sionally, however, a valvelike wound may allow entrance of air but 
prerent its exit; constantly mounting pleural pressure or tension pneu- 
mothorax will result and may cause sufficient respiratory embarrassment 
to produce death unless effectively decompressed. Open pneumothorax 
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must be immediately dosed. Operation is also indicated for wounds of 
the intercostal or internal mammary vessels. Large ragged wounds of 
the wall of the chest and compound fractures of the ribs will require 
debridement, cleansing and repair. Mediastinal emphysema will occa- 
sionall}^ require an incision above the epistemal notch to relieve pressure 
in the mediastinum and the neck. The care of penetrating wounds of 
the thorax has been more completely reviewed in a previous paper.^'* 

Diaphragm. — ^\A'’ounds of the diaphragm as seen in civilian life are 
small and are usualty located in the sloping muscular portion of the 
organ. Wounds of the muscular portion of the diaphragm are con- 
sidered more benign than those of the tendinous portion. In war- 
fare also most of the wounds are small ; however, some caused b}- large 
shell fragments reach sizable dimensions. The characteristic clinical 
finding witli lesions of the diaphragm is a thoracic character of respira- 
tion with a catch, spasm or hiccup at the height of inspiration and pain 
referred to the scapula or the clavicle. Herniation of abdominal viscera 
into the thoracic cavit}' may occur immediate!}' following a wound of the 
diaphragm. This usually occurs in those wounds in which a sizable 
rent is present. Diaphragmatic hernia occurring subsequent to thoraco- 
abdominal wounds is a fairly common occurrence; it was estimated by 
Lee ® to occur in approximately 10 per cent of thoracoabdominal gun- 
shot wounds. Hernia of traumatic origin is almost invariably on the 
left side. Hedbloom found that approximately one third of all 
diaphragmatic hernias in his series were of traumatic origin. Approxi- 
mately half of these were due to penetrating wounds, the majority of 
which were caused by bullets. Many small wounds of the diaphragm 
heal satisfactorily spontaneously; large wounds require repair. Sauer- 
bruch and others have expressed the opinion that repair of a lacerated 
diaphragm is not so vital to the maintenance of respiratory equilibrium 
as was formerly thought. On some occasions it is technically difficult 
to repair a laceration of the diaphragm through an abdominal incision ; 
consequently a transpleural approach will frequently be necessar}'. 

Abdominal Cavity. — Liver : Because of the large size and the promi- 
nent position of the liver, it is injured more frequently by thoraco- 
abdominal gunshot wounds than any other organ. In this series it was 
involved in 59 cases (70.1 per cent). Considerable variet}' of lesions 
are found among gunshot wounds of the liver. In some cases a groove 

14. Hardt, H. G., Jr., and Seed, L. : Gunshot Wounds of the Chest: .A. 
Review of Two Hundred and Eightj- Cases, Arch. Surg. 44:779-788 (^ra^•) 1942. 

15. Hedbloom, C. A.: Diaphragmatic Hernia, Ann. Int. Med. 8:156-176 
(Aug.) 1934. 

16. Sauerbruch, R, and O’Shaughnessj-, L. : Thoracic Surgery, New York-, 
Longmans, Green & Co., 1937, pp. 346-34/. 
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or trenchlike injuiy is found; in others :i tunneling of the organ is 
present. Occasionally in as.sociation with these wounds fissures of vary- 
ing size radiate from the lesion. In some cases shattering or pulpifica- 
tion of an entire lobe or section of the organ is found. Wounds of the 
last-named type are found in those patients who die soon after the injur). 
The explanation of these varieties of injury can be found in the 
the character and the penetrating force of the missile. The clinical 
findings vary with the type and the extent of the damage present. In 
cases of severe shattering lesions the findings are those of profuse hernor 
rhage ; mild lesions may be symptomlcss. The clinical manifestations 
are often obscured by the presence of damage to other viscera. Jaundice 
appearing soon after injury is usually temporary; jaundice developing 
late in the course of an injury often indicates infection according to 
Gordon-Taylor.'" Secondary hemorrhage from wounds of the liver is 
often severe and is frequently fatal. Laparotomy is indicated for wounds 
involving the liver when bleeding is progressive and when a large foreign 
body is present in the substance of the liver; The bleeding is control e 


by packing or suture. ^ 

Spleen: In this series the spleen was penetrated in 12 cases (14- 
per cent). Wounds of the spleen resemble those of the liver. 
are usually grooved or trenchlike but may be shattering or pulpifjnng- 
Wounds of the pedicle frequently give rise to fatal hemorrhage. Clinica 
findings are similar to those in cases of wounds of the liver. Woun s 
of the spleen are seldom found to be the only abdominal visceral injur). 
With some of the less severe wounds of the organ suture may be pos 
sible but many require splenectomy. Jolly ^ was enthusiastic over the 
results of splenectomy observed by him in the Spanish civil war. 
Transthoracic splenectomy has been frequently performed with success 


by Gordon-Taylor.''^ 


Hollozv Viscera . — The stomach, the colon or the small intestine may 
be penetrated in thoracoabdominal gunshot wounds. In this series the 
stomach was the most frequently injured, being penetrated in 30 cases 
(35.7 per cent). The transverse colon or the splenic or the hepatic 
flexure was pierced in 13 cases (15.4 per cent), while the small intes- 


tine was perforated in 8 cases (9.5 per cent). 

The type of perforation of these hollow viscera depends on the course 
and direction and the type of penetrating missile. A bullet or shrapne 
usuallv causes either penetration of both walls or, when penetrating at 
an angle or striking an edge of the organ, tearing of a single area o 
one wall. Wounds caused by shell fragments or shotgun discharges 
usually tear a large section of the organ away or completely divide it- 
\\'ounds of the greater or lesser curvatures of the stomach may involve 
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the large blood vessels in the mesentery, causing profound and even fatal 
hemorrhage. This ma\' also occur in wounds of the mesocolon or the 
mesenterj- of the small intestines. The clinical findings are those of 
general peritonitis. Shock, abdominal rigidity, localized tenderness, 
nausea and absence of peristaltic sounds are usual. Vomiting is often 
present Avhen the stomach is involved. Laparotomy is indicated when 
penetration of a hollow viscus is suspected. Obviously the prognosis 
of these wounds is better for those patients who are operated on soon 
after infliction of their wound. Simple suture of the perforations should 
be done whenever possible. This has been advocated by Bailey.^' even 
when it entails considerable narrowing of the intestinal lumen. The 
mortality associated with suture is considerably less than that associated 
with resection; consequent!)" resection should be done only in those 
cases in which there is no reasonable alternative. 

Extraperifojieal Organs. — Pancreas: The pancreas was penetrated 
in 12 cases (14.3 per cent) in this series. Pancreatic lesions are rarelv 
recognized preoperatively. Certainly many of them are fatal. This 
may be due to hemorrhage from the many large vessels in the vicinity : 
it may occur with the retroperitoneal syndrome described earlier, or 
extensive fat necrosis may be a contributing factor to the fatal outcome. 
Suppurative gangrenous pancreatitis may produce death in twenty-four 
hours in cases of pancreatic wounds according to Heyd.® It is difficult 
to determine whether any pancreatic lesions tend to simple regression. 

Kidney: In this series the kidney was injured in 17 cases (20.2 
per cent). The kidney may be contused from projectiles passing in the 
vicinity of the organ. This may cause hematuria (which is temporar)") 
but few or no complications. A projectile may cause a tunnel-like per- 
foration or bisect or pulpify the organ. The character of the wounds 
depends on the type and the energ)" of the penetrating missile. Injury 
to other organs is usual. The prognosis is particularly grave when the 
colon is perforated in addition to the kidney. Perforation of the renal 
pedicle or the calices is usually fatal. The diagnosis is established from 
the course of the wound and the presence of perirenal effusion and 
hematuria. Operation is indicated in the presence of large perirenal 
effusion, large foreign bodies and persistent bleeding. The usual sur- 
gical procedures are packing, suture and nephrectomy. Occasionally 
repair of a kidney through a lesion in the diaphragm is possible accord- 
ing to Swan.^® Heminephrectomy is rarely indicated. 

17. Bailey, H. : Surgery of Modem Warfare, Baltimore, Williams & Wilkins 
Company, 1941, vol. 1, p. 209. 

IS. Swan, R. H. .T. ; Injuries of tlie Kidney, Brit. J. Urol. 12:161-176 (Sept.) 
1940. 
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Adienal Gland: ilic adrenal gland was penetrated in 4 eases (4.7 
pel cent). There have been few if any publications in the literature dis- 
cussing gunshot wounds of this organ. In none of the cases in this 
series could any evidence of a‘drcnal insufficiency he found. 


COMBINATIONS OK VISCKRA INJURED 
Although many thoracoabdominal wounds exhibit an infinite variety 
m t le combinations of organs and structures penetrated, certain combina- 
tions of wounds occur with a greater frequency. In table 2 arc listed 
t le more common combinations of wounds observed. These correspond 
fairly closely with the combinations observed by Lockm-ood and Nixon, 
with the exception that those observers were in hospitals during warfare 
and theiefoie failed to sec many of the rapidly fatal wounds involving 
the heart which were seen in this series. 


Table 2.~Frequcncy with Which Combinations 


of Viscera U'crc Injured by 


OoiuiBiiaUon o{ Viscern 

I.unt’ or costoplironio sinu.s niul liver 

Cii scs 

ir 

rorcontiiyo 

Of> 0 

Lung, lionrL and Ilvor , 


Lung or costophrenic sinus, liver „,„i stomacli 

Lung and stomncli. , . . 

c 

7.1 

Lung, liver and kidnev.. . 

•1 


Ilcart and liver 



Lung and spleen .... 

•1 

3 

3.6 


diagnosis 

many cases, in which both a wound of entrance and one of exit 
n ^ iagnosis is obvious and the organs penetrated can be 

icadily ascertained. In some cases, in which only an entrance wound 
IS piesent, it may be difficult to determine whether a thoracoabdominal 

these cases a knowledge of the position 
1 C patient when the wound was received and of the general direction 
•- 1^1 ^ be of considerable value. This has been einpba- 

si/.e ly cyer and Shapiro.-" Information on the course of the bullet 
can o en ic o tamed from a careful examination of the entrance wound. 
IS sometimes difficult to determine whether a wound is entirely 
loiacic or i\ let icr the abdominal cavity has been entered. Abdominal 


lectivc Treatment of Abdominal Injuries: Col- 

^^.^y 1938 ’ 66:245-257, 1938; in Surg., Gy ncc. & OI)st., 
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rigidity is frequently present with wounds of the lower part of the 
thorax ; however, it is usually unilateral, while bilateral rigidity is often 
found with abdominal wounds. The rigidity with thoracic wouAds is 
usually intermittent with respiration, while with abdominal wounds the 
rigidity is continuous. Vomiting and gaseous eructations are not 
unusual with abdominal wounds and are rare with purely thoracic 
womids. Vnien it is difficult to determine whether a wound is entirely 
thoracic, and also generally in cases of thoracoabdominal gunshot wounds, 
a flat plate roentgenogram of the upper part of the abdomen and the 
lower part of the thorax or fluoroscopic examination is of great value. 
By the position of the projectile, if this can be visualized, its course can 
often be determined. The presence of pneumothorax or hemothorax 
will establish the fact that the pleural cavity has been penetrated. The 
finding of air under the diaphragm confirms the presence of injury of a 
hollow viscus. Hemopericardium can readily be detected, and hema- 
tomas, tension pneumothorax and other abnormalities are often demon- 
strable. 

In patients admitted to the hospital with the hemorrhage syndrome 
the presence of severe shock makes the diagnosis obvious ; occasionally 
it may be fairly difficult to determine whether the bleeding is in the 
thoracic or the abdominal cavity. In most cases, however, hemothorax 
or hemopericardium can easily be detected by ordinary physical exami- 
nation. If these are absent, it is reasonable to assume that bleeding 
in the abdominal cavity is present. 

In cases of thoracoabdominal wounds of the thoracic type the loca- 
tion of the wound and the benign character of the clinical picture 
(providing bleeding is not excessive) are easily recognized. The differ- 
ential diagnosis between purely thoracic wounds and combined wounds 
will be of value in those cases in which there is some doubt concerning 
the possibility of perforation of a hollow viscus. 

The peritoneal syndrome is characterized by the readily recognizable 
feature of general peritonitis in almost every instance and should cause 
no difficulty. 

The retroperitoneal syndrome will be characterized by profound 
shock which is progressive. Careful search will reveal no evident pro- 
fuse bleeding. Peritoneal reaction will be minimal. The diagnosis can 
be made from the course of the wound and the exclusion of excessive 
bleeding and peritonitis in the presence of shock with little pain. 

PROGNOSIS 

Of the 29 patients admitted to Cook County Hospital with thoraco- 
abdominal gunshot wounds, 13 recovered (mortality of 56 per cent). 
Projection of their cases with those obtained from the Cook Count}' 
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Morgue (in some of the laltei'. tieatui'-ut v,.i- i.itri**! in otli-T ii^o- 
pitals) reveals that aj>i)roNimat*-Iy tme tlhti! tif ’in' pitients flic itiiim:- 


diately or at least soon after injury, shat one thiril die 
received Ireatiueul in a hfispital and tiiat ojse t'nitd reeou- 
rates reported hy various oh'-ervers \aiy fmni tie- 2n p'-r 


after having 
r, Mc'rtality 
• cent quoted 


by Saint"' to 75 per cent in the forward areas in warfare.' i lie mor- 
tality rate will certainly vary greatly witii tlw type ot v.arfare. the 
length of time after injury and the facilities for t!:era[>y available. 
Wounds involving the strnctitres in the rigdit hypochondritmi and lower 
right part of the thorax r.an-y a favorable prognosis. Wonnris ot the 
lower left and lower middle portions of the anterior [tart of the chest 
will usually he rajurlly fatal from penetration of the heart. Wounds 
of hollow abdominal viscera have a much higher mortality than wounds 


of solid viscera.-- Among wounds of the hollow viscera the prognosis is 
better for wounds of the stomach than for intestinal wonrids; for wounds 


of the small intestine the mortality is lower than for wounds of the 
colon. Penetration of hoth le.avcs of the diaphragm has a high mortality. 

, Lilienthal expressed the opinion that wounds penetrating from 
abdomen to thorax have a higher mortality than those passing from 
thorax to abdomen. The high mortality in the hospital from .abdominal 
wounds of this type is due mainly to nncontrollablc peritonitis which 
persists and causes death in many cases in which skilful repairs have 
been made. It is hoped that the local use of sulfonamide compounds 
in the peritoneal cavity will aid in the control of such infection sufficiently 


to cause a marked lowering of this mortality. 


CAUSE OF DEATH 

The cases herein reported cannot )’icld a true cross index of thoraco- 
abdominal gunshot wounds, since the cases from the hospital do not 
include the cases in which death occurred before hospitalization could be 
effected and the coroner’s cases do not include the cases from other 
hospitals in which recovety took place. However, an approximation 
of the true proportions can he obtained hy projection of the figures 
available here. These figures reveal that approximate!}' one third of all 
patients die fi'om profound hemorrhage before active therapy can be 
instituted in a hospital. Approximately one third of the patients die 
in spite of active therapy in the hospital, and one third recover. 

21. Saint, cited by Taylor.^ 

22. Rippy, E. L. : Management of Perforating Gunshot Wounds of the 
Abdomen, South. Surgeon 10:441-450 (June) 1941. Gordon-T.aylor, G.: Abdominal 
Injuries of Warfare, Bristol, John Wright & Sons, Ltd., 1939. 

23. Lilienthal, H. : Thoracic Surgery, Philadelphia, W. B. Saunders Com- 
pany, 1926, vol. 2, pp. S6S-570. 
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In the first group hemorrhage frequently arises from the heart or 
other portions of the central vascular tree, but occasionally persistent 
bleeding from a smaller vessel is the causative factor. In the latter 
instance the patient often lives several hours after being admitted to the 
hospital before he dies. Thirty-seven patients in this series died from 
hemorrhage. 

Infection is by far the most common cause of death in those patients 
who have received active therap 3 ' in the hospital. There were 21 deaths 
from infection in this series. Death usually occurs between the second 
and the fifth day in the hospital. Infection may be present in anj' of 
the body cavities penetrated, and it is interesting to note that in the 
majority of cases infection is present in both cavities penetrated. The 

Table 3. — Major Source of Bleeding tit Thirty-Seven Deaths from Hemorrhage 


Source of Hemorrhage Cases 

Heart (21 eases) 

Heart penetrated 17 

Myoeardium lacerated 1 

Myocardium contused l 

Saucerized yentricle 1 

Grooved ventricle 1 

Aorta (abdominal) 4 

Lung 4 

Kidney 3 

Liver (shattered) 2 

Right innominate vein l 

Splenic artery (large branch) 1 

Hematoma in the anterior mediastinum 1 


Hours Patient Lived 
After Admission 
to the Hospital 


0 

0 

3 

12 

24 

0, 0, 0, 5 
0, 0, 4, 4S 
0, 5. G 
0, C 
0 
19 
6 


findings of late general peritonitis and pyohemothorax are usualty 
obvious. 

Seven patients in this series died soon after operation. In cases 
of this kind it is unfortunately impossible to determine with certainty 
which of the patients will be able to withstand the additional shock of 
operation and which will not. It is hoped that improvements in pre- 
operative preparation of the patient and utilization of whole blood and 
plasma in the operating room will aid in reducing the number of post- 
operative deaths. Large amounts of blood and plasma (1,000 to 2,000 
cc.) may be necessary to restore the patient’s blood volume in the 
operating room.-^ 

Three patients died in deep shock six to ten hours after injurv-. 
Postmortem examination failed to reveal sufficient bleeding to explain 
the shock present. Tiiese patients all had severe retroperitoneal wounds, 

24 Storck A. H. ; Gunshot Wounds of the .Abdomen. Surg., G)mec. & Obst. 
74:425-427 (Feb., no. 2.A.) 1942. 
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and for want of a innrt: adcniiat*’ r.sp’anatio;-. f>: tli'- can 1 : ot dc.at'n wc 
place their wound!; in tlic (';iti't:nry nf rrtroprriton'-a! f.yrulronic dcscrii^'d 
by Jolly.^ It is inl(.’rf,-.tin!; to notr that fiir patwreas v.as jjet'.ctratcd 
in each of these cases. 

Two jiaticnt.s died from paralytic ilett^. ( hie dratli occurred tv/enty- 
six days after injury and the other tlirce and a halt day.; after the 
paticin was wounded. 


TUtUSt Mr.NT 


Wounds of the riylit lower part of the thorax and liic ri"ht iiypo- 
chondrium frequently ref|nirc no operative theraj)y. Ki^ht hcmotiiorax 
may he treated by aspiration and air replacement if sirahlc. Operation 
is indicated only when a lart;e foreij^n body is present or wlicn then! 
is considerable damage to the organ with continned bleeding. Tlicse 
indications arc equally true for both the lower lobe of the right hing 
and the liver. 

If a wound of the heart is suspected from the .‘:ite of the wound 
and the clinical findings, immediate exploration is imperative. If early 
operation is done on patients wlio reached the hospital, the bleeding from 
a grooving or saucerizing lesion of the myocardium can be succcsshdb 
arrested. Unfortunately most of the lesions will have penetrated the 
cardiac wall and the patient will fail to reach the hospital alive. 

Wounds with perforation of hollow viscera require laparotomy ‘is 
soon as the patient’s condition warrants. It has been demonstrated 
accurately that the prognosis is much better for those patients on whom 
operation is done carly\ Exploration of the spleen is indicated in the 
presence of continued bleeding, and this holds true also for the kidney- 
It may be possible to examine the spleen through the pleural cavity if 
this cavity must be entered for other reasons. This is advocated b) 
Jolly * and Gordon-Taylor.'^” Transperitoneal exploration of the kidney 
is not recommended. 

It may frequently be difficult to determine whether to perform an 
exploratory operation first on the thoracic or on the abdominal cavity. 
Duval ® expressed the opinion that the pleural cavity^ should be operated 
on first: (1) if open pneumothorax is present; (2) if a large intra- 
pleural foreign body is found, or (3) if a large amount of parenchymal 
damage with continued bleeding from the lung is present. Jolly 
stated his belief that transpleural laparotomy is indicated when a large 
diaphragmatic perforation is present or when the course of the projectile 
is known to be in the upper part of the abdomen. The fact that when 
infection occurs both the pleural and the abdominal cavity are involved 
in a majority of cases should indicate that careful suture of the diaphragm 
should be done if at all possible. 
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Autotransfusion of blood in hemothorax cavities as advocated b}' 
Brown should be done only in carefully selected instances of thoraco- 
abdominal wounds, since penetration of abdominal structures may allow 
infection to enter the pleural cavity. The adequate use of sulfonamide 
compounds orally and in the thoracic as well as the peritoneal cavity 
in those cases in which a hollow viscus has been penetrated may be 
helpful in controlling the infection present. It is to be hoped that a 
large number of patients with wounds of t}-pes that in the past have 
proved fatal because of infection will be saved in the future by the use 
of sulfonamide compounds. 

25. Brown, A. L., and Debenliam, M. W. : .-^utotransfusion : Use of Blood 
from Hemotliorax, J. A. !M. A. 96:1223-1225 (.April 11) 1931. 
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XVI. CONDITION.^ INVOI.VINT, nil lo')', A:.t> AX'Kt.r, 

Foot hnhalauc,-. — Sch\v;irl/, atul lif.ith'' cicu-UKi*: from clinicnl 
observation and laboratory invc.stiyation of tlu: foot in action; (1) ^Fat 
perfect alinement between the foot and tiie let: ran be maintained 
without nuiscle suiijiort ; ( 2i that unuMial development of the intrinsic 
and extrinsic muscles of the foot and the le- does not prevent jironation 
in stance and locomotion ; (.S) that the pre,-<cnce or the absence of prona- 
tion can be explained on the basis of functional characteristics of the 
os calcis and the cuboid bone ami their phvsical relation to the astragalus 
and the tibia. (A neutral or varus position of the os calcis docs not 
permit pronation of the foot.) 

These conclusions arc in harmony with the observations of Morton 
and others that foot balance depends on two factors: (1) structural 
stability, by which is meant the arrangement of the bones and the 
ligaments of the foot which enables it to provide a rigid base of sup- 
port for superimposed body weight; (2) postural stability, by which is 
meant that quality by which the center of transmitted weight is con- 
stantly maintained in a balanced position over the astragalus with each 
shift of the body weight. 

According to these authors both true structural and true postural 
stability depend on the maintenance of a parallel between the axis of 
weight bearing of the os calcis and the tibia. They therefore conclude 
that muscle exercises are contraindicated in the treatment of pronation 
and that treatment is limited to means which will maintain a neutral 
or varus position of the os calcis. [Ed. Note: While we agree entirely 
with the basic conclusions of Schwartz and Heath, we feel that the 
long extrinsic muscles of the foot across the subtalar joint do play ^ 
definite role in maintaining the leg in a functionally vertical position 
over the os calcis with each shift of the body weight and that the desir- 

605. Schwartz, R. P., and Heath, A. L.; Foot Function Correlated wj* 
Anatomic, Clinical and Laboratory Data, New York State T. Med. 41:447-451 
(March 1) 1941. 

606. Morton, D. J.: Functional Disorders of Foot and Their Treatment, 
Arch. Phys. Therapy 22:651-655 (Nov.) 1941. 
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ability of establishing adequate strength and tone in the long muscles 
cannot be ignored in the treatment of pronated feet.] 

The authors emphasize also a fundamental fact when they point 
out that the distorting influence of pronation on the cartilaginous skele- 
ton of the child’s foot results in changes in shape and structure of 
the bones of the foot, particularly the os calcis, which are so prede- 
termined as to express the characteristics of pronation in adult life. 
The correction of faulty foot posture in childhood will eliminate a large 
part of the foot disorders of adult life. R. L. Jones,®®' an anatomist, 
using an ingenious apparatus for measuring the mechanics of the 
foot, also concludes that the plantar ligaments and the short plantar 
muscles bear the greater part of the burden of supporting the longi- 
tudinal arch of the foot and that the long leg muscles do about 15 to 
20 per cent of the work. He does concede, however, that the long 
muscles have a definite role in maintaining the leg in a balanced posi- 
tion over the foot and in this way influence the distribution of weight. 
An unequal distribution of weight over the foot is one of the funda- 
mental causes of the breaking down of the structural stability, and 
Jones’s contention that the long muscles of the foot (leg) are completely 
unimportant in supporting the longitudinal arch seems to fail of proof. 
On the other hand, a preponderance of evidence based on clinical 
experience does support his claim that a depressed longitudinal arch 
cannot be elevated b}’’ exercises of muscles alone. Finally, Jones makes 
the flat statement that commercial arch supports are of little value as 
elevators of the arches of the foot. [Ed. Note: This claim is well 
founded, since such supports seldom meet all of the requirements in 
a truly imbalanced foot; it is not true, however, of properly designed 
and properly fitted supports made to meet the needs of the individual 
patient.] Wiles®®® has written an interesting article covering much 
ground with regard to functional disorders of the foot and their causes. 
[Ed. Note: This is an interesting and practical article, which will 
repay a careful perusal. It should be read in the original.] Creer ®®® 
gives an interesting account of the treatment of disabling foot conditions 
in England, particularly in the light of the fact that the chiropodist is 
recognized there as an adjunct to the physician. [Ed. Note: While 
such an arrangement is sound when it can be properly controlled, as 

607. Jones, R. L. : Human Foot: Experimental Study of Its Mechanics, 
and Role of Its Muscles and Ligaments in Support of Arch, Am. J. Anat. 68: 
1-39 (Jan.) 1941. 

60S. Wiles, P. : Some Common Causes of Painful Feet, Practitioner 146: 
3S9-394 (June) 1941. 

609. Creer, W. S. : Foot Disabilities and Foot Clinics, J. Roy. Inst. Pub. 
Health & Hyg. 4:118-130 (May) 1941. 
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it. apparently is in Knqland, il is flclinitely fpirstionalflr that it v/niild 
work out in this country, where cjilts aiul iMn." so rapidly l)'' 0 i'irne 
important and so readily overstep the luninds of th'-ir capacity.) Crccr 
properly emphasizes in his article the imjxartance from an eennoniic 
point of view of projx:rly cariiijt for disahlini; fool cotiditioti.'. 

lioUoiv Foot. — Ilnher''*" calls attention to the insnlVtciency of the 
hollow or high-arched fool in indust ri.al workers and the po?.'il)ihty 
that trauma (of occupation) tnay cause hollow foot. | hh*. Xoti:: One 
of us (R.L.D.) has long felt that the high-arched foot as a form of 
foot imbalance has been too generally neglected and suggests that this 
article is well worth the consideration of those interested in conditions 
affecting the foot. Some of the methods of treatment which Huber 
advises cannot be accepted unqualifiedly, c. g., tenotomy, for it is doubted 
that hollow foot can ever be corrected by such a procedure. Proper 
attention to the shoe is far more likely to give relief, and if operation 
is considered necessary, the operative procedure should be directed 
toward correcting the faulty alinement of the bones of the foot. Usually 
a midtarsal arthrodesis is necessary to accomplish this result.] 

Conditions Involving th'c Foot in Relation to Military Service. ■— 
Helfet recommends dividing into two groups the foot strain found 
in soldiers: (1) conditions affecting a flexible foot and (2) those 
affecting a rigid foot. He believes that distinguishing between the 
rigid and the flexible types of foot is definitely important. Treatment 
is based on the type of foot and correction to be secured b}’ exercises, 
relief of pressure on bony points and satisfactory fitting of arniy shoes. 
Experience indicates that proper fitting of the shoe or the boot is the 
most important factor in maintaining foot efficiency in military service. 
Geckeler thoroughly discusses the examination of the feet of selectees 
for military service and gives in detail the standards used in detei- 
mining whether the selectee is to be accepted or rejected. The various 
types of conditions affecting the foot encountered in such examimngr 
work are discussed, and treatment is suggested. A similar article by 
^'odd contains a great deal of useful information on the examination' 
and the care of the feet of those in the armed services. Practically 
all of the important points he makes and the methods of treatment 

610. Huber, H. H. : Hollow Foot in Industry, Wisconsin M. J. 40:30 (Jan.) 
1941. 

611. Helfet, A. J. : Treatment of Soldier's Foot, J. Roy. Army M. Corps- 
76:282-285 (May) 1941. 

612. Geckeler, E. O. : Disorders of Foot in Relation to Military Scivice, 
M. Clin. North America 25:1843-1857 (Nov.) 1941. 

613. Todd, A. H. : Treatment of Flat Feet in Recruits, M. Press 206:130- 
136 (Aug. 13) 1941. 
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he advises are sound. It deals in a thorough way with the problems 
commonly encountered and gives many helpful suggestions. Both these 
articles should be of great interest and value to those who examine 
troops or who are in active service witli troops. Kreglinger ascribes 
the ability of the German troops to march 50 to 60 kilometers per day 
to the type of shoes they wear. This shoe is one with a thin sole, 
a broad toe and a long broad low heel. He claims that proper mobility 
of the foot is permitted in a shoe of this type, thus relieving strain. 

Hallux Falgus . — Stracker outlines tlie pathologic changes involved 

in hallux valgus and discusses the theories of its pathogenesis. He 
believes that the hannful effects of shoes are overemphasized and 
that the basic cause of the condition is a pathologic relation between 
the structure and the function of the foot. There may be other fac- 
tors, such as polyarthritis or synovial changes in the joint of the great 
toe. He considers that treatment ma}'^ be conseri'ative or operative in 
accordance with the symptoms and their causes. Conservative mea- 
sures include proper fitting of shoes and stockings, the use of various 
t3^pes of bandages and splints for straightening the great toe and exer- 
cises tending to strengthen tl:e adductor muscles. He recommends 
protecting the painful bunion by various protective covers and oint- 
ments. ^^^ith regard to operative treatment he reviews the technic 
and the results of the more common operations and stresses the indi- 
cations for each type of operation. ' He advises against osteotomy 
unless prolonged rest in bed is possible and recommends operations 
involving the soft tissues only (capsules, ligaments, and tendons). 
[Ed. Note: The various agents which Stracker has recommended for 
the correction of hallux valgus, such as bandages, splints and exer- 
cises, have in the experience of one of us (R.L.D.) met with practicallv 
no success in the correction of the condition. When hallux valgus or 
bunion is symptom producing, a properly planned operation will- give 
a much more satisfactory result and relieve the patient of the constant 
necessity of applying bandages and protectors to the uncomfortable 
foot. It has not been the experience of this editor that operations on 
the soft parts alone are successful. Removal of tlie exostosis and cor- 
rection of the valgus deformity are necessary for a successful outcome.] 
Veyrassat and Berner report the results of a follow-up study of 19 
patients operated on by Hiiter’s technic. Their obser^^ations do not 


614. Kreglinger, G.: Footwear and Marching Capacity, Med. Klin. 36: 

1163-1164 (Oct. 18) 1940. „ 

615. Stracker, O.: Hallnx Valgus, Wien. klin. Wchnschr. 53:8Sa-SS9 (Kov.l) 


1940. 

616. Veyrassat, J., and Berner, A.: 
Operation, Schweiz, med. V'^chnscbr. 71 
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juslifx ihc usual uhjectious to thi^ ojK-'juiuii. nnmrly, tiint it rl'-.-troyi! 
tlic noniinl tiiilc-rior point of sup[>ort of thr- foot ;u!<l crrat'’^ po>to[icr- 
alivc fiatioot. In ca.M-s in whirh ilatfoo; was pr.-,;-nt, tii-: atuhors 
allributo it to lialhiN valtttis ami not to titf ojirration, "I'hcy caiitiori 
against too extensive; rescetioti »,)i the hca<l of the first ni''tatar.'al bone. 


Salisf.ietory results are obtained In’ reseetion of onU‘ H to 10 nun. They 
believe tliat a marked .’ulvantage of Iliiier'.s o[)eration as compared 
n-itli other types is the rapidity of eonvalesccnce, most patients being 
able to re.sume normal activity within one month. [Kn. Xotk: 
Iliitei s procedure doc.s give .sati.^factory results, but it does carry a 
real possibility of destroying proper foot balance. 'J’he same result 
can be obtained by the Keller (»i)eratif)n wiibont the risk of later dis- 
turbance of foot balance. I Hansen rejjorts a follow-up study of 
patients with hallux valgus on wliom 11 titer, Mavo and Ilohmanu oper- 


ations were pcrlormcd. This .series covers patients one to fifteen years 
after operation. It was found that 6 patients on whom the Hitter 
operation (resection of the head of the first metatarsal) was done had 
satisfactory position of the great toe in all cases, but the mobility 
in the joint was poor, 2 jiatients showing comjdete ankvlosis. Hansen 
concludes that the Hfitcr operation is best suited for jiaticnts who 
before operation have articular changes and flatfoot. In 8 cases in 
which the Ma 3 'o operation was done there was improvement after 
operation, but in none w’as the result complete]}' .satisfactory, the mobility 
of the joints being bad in the majority of the cases. Hansen feels 
tiat tie best results were obtained from the Hohmann operation. AH 
6 patients operated on walked W’ith natural locomotion, w’hile the 
mobility of the joint was limited in only 2 cases. Mayr believes 
tiat most of the patients wdth severe hallux valgus rejected from 
mi Italy service may be restored to normal function by means of the 
o imann operation. This operation consists of a wmdge-shaped oste- 
otomy close to the head of the first metatarsal bone wdth simultaneous 
shortening of the bone from 1 to 2 cm. Mayr stresses the point that 
the proximal phalangeal joints of the large and small toes should be 
on t le same level after operation. He believes that after osteotomy 
the metatarsal head should be pushed as far as possible in a lateral 
an p antar direction and that the abductor hallucis should be displaced 
ateia }r. e uses a plaster cast after the operation to correct the 
spread foot and requires four weeks’ rest in bed. Mayr bases his con- 


617. Hansen, N. S. : 
Operated on According 
(Hospitalstid.) 9:135-138 


After-Examination of Patients with Hallux Valgus 
to Huter, Mayo and Hohmann Methods, Nord. med. 
(Jan. 11) 1941. 


nrilinn' Therapy of Hallux Valgus in Wartime, 

oithop. II. Unfall-Chir. 40:485-491, 1940 



PROGRESS IN ORTHOPEDIC SURGERY 


79 


elusions on 20 cases in civilian life in which he obtained excellent 
results from both a functional and a cosmetic point of view. He stresses 
the point that this operation is indicated onh- for young persons with 
no arthritic changes in the first metatarsophalangeal joint. [Ed. Note : 
One of us (R.L.D.) unquestionably agrees with Mayr that this oper- 
ation should be reserved for j’oung patients without arthritis. This 
editor would go farther than this and state that when such changes 
are present this operation is definitely contraindicated.] Anderson®^® 
presents a series of cases of hallux valgus which he adds to a previous 
series reported from the orthopedic department of the Massachusetts 
General Hospital, Boston. The operation employed in this series was 
the Keller operation; it gave satisfactory results. [Ed. Note: It should 
be appreciated that while the Keller operation is perhaps the most 
generally satisfactory type of operation for the correction of hallux 
valgus it does not correct the metatarsus varus primus which is so 
frequently an underlying cause of the condition ; unless this metatarsus 
varus primus is corrected, a relapse or an unsatisfactory outcome may 
result. The Lapidus operation is the only described procedure which 
effectively overcomes metatarsus varus primus.] E. A. Jones reports 
a series of cases of hallux valgus treated by the McBride operation 
and points out certain advantages of the operation. The chief advan- 
tages, he feels, are that the joint is not attacked, that there is no 
fracture made of the metatarsal head and that it is designed to prevent 
and correct muscle imbalance. 

Batts describes an ingenious method of holding the great toe 
in the corrected position after bunionectomy or the correction of hallux 
valgus. A rubber glove is cut out; the thumb portion and the thumb 
side of the wrist and the entirety of the wrist are used, the fingers 
being cut oft'. The wrist portion is then placed around the ankle 
and the thumb portion is placed around the distal end of the great 
toe. The elasticity of the rubber glove tends to hold the great toe 
in a varus position. [Ed. Note: One of us (R.L.D.) has used this 
device and has found it satisfactor}^] 

Hallux Varus . — McElvenny states that the condition of hallux 
varus is an unusual deformit}' and is usually unilateral. The first meta- 
tarsal bone is shorter and broader than normal and projects medially 

619. Anderson, R. L.: Hallux Valgus, West Virginia M. J. 37:289-292 
(July-) 1941. 

620. Tones, E. A.: JiIcBride Operation for Hallux Valgus, Tr. New England 
S. Soc. *23:57-60. 1941. 

621. Batts, ]\r., Jr.: Simple Corrective Device for Hallux Valgus, J. Bone 
& Joint Surg. 23:183 (Jan.) 1941. 

*622. McElvenny, R. T. : Hallux Varus, Quart Bull. Xorthwestern Univ. M. 
School 15:277-280, 1941. 
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so tIuU it lies in :i line with the rear portion of tlie foot. 'I'lie thickened 
first metatarsal hone may in some ways he considercfl a fusion of two 
metatarsal hones. The author describes an operation for the correc- 
tion of hallnx varns which is complic.ated ; the description should he 
read in the original, since the accompanying iIIn>trations are necessary 
to make tlie technic clear. 

Mcasurcinciils of I'oot Movcntcitts. — Mantcr/'-' an anatomist, 
describes an ingenious apparatus for measuring movements in the subtalar 
and transverse tarsal joints. The article is largely teclinical and should 
be read in the original ; the chief clinical interest lies in the evidence 
it provides to support elevation of the inner side of the heel and the 
outer margin of the forepart of the shoe for the correction of prona- 
tion. Thomsen and Olf'-" describe the use of an apparatus designed 
by Thomsen for measuring the anterior part of the foot, its passive 
spreading when supporting weight and its active tiarrowing by muscular 
contraction. The subject discussed is only of academic interest and 
has little practical application in the treatment of conditions affecting 
the foot. 

Conditions Involving the Foot in Children . — Boorstcin gives 
statistics on the prevalence of flatfoot in the newborn. He strongly 
urges a careful appraisal of foot structure in the newborn child and a 
carefnl search for abnormalities on the ground that much foot imbalance 
is attributable to mild abnormalities in structure present at birth. He 
ui'ges early treatment by strapping and exercises. While careful inspec- 
tion of the infant’s foot should unquestionably be part of the complete 
examination that is given the newborn, and while any detectable abnor- 
mality demands corrective measures, the diagnosis of flatfoot in the 
newborn hardly seems possible, since true development of the arch 
of the foot does not begin until weight bearing is started. SofiekH"' 
has written a satisfactory article on foot hygiene for children with 
normal feet. Proper shoeing of the normal foot of a child and the 
importance of early correction by a qualified physician of all departures 
from normal are properly emphasized. [Ed. Note : The article might 
well be read by all those whose practice has to do with the growing child.] 

623. Manter, J. T. : Movements of Subtalar and Transverse Tarsal Joints, 
Anat. Rec. 80:397-410 (Aug. 25) 1941, 

624. Thomsen, W. : New Apparatus for Measurement of Passive and Active 
Changes in Breadth of Foot, Ztschr. f. Orthop. 71:182-189, 1940. 

625. Ott, L. : Passive and Active Variations in Anterior Part of Foot, 
Arch. f. orthop. u. Unfall-Chir. 40:446-457, 1940, 

626. Boorstcin, S. W.; Flat Feet at Birth, Hygeia 19:372-374 (May) 1941- 

627. Sofield, H. A.: Care of Feet of Normal Children, Illinois M. J. 79- 
253-256 (March) 1941. 
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Exostosis on the Os Calcis. — ^Frolilich calls attention to the forma- 

tion of an exostosis on the upper posterior pole of the os calcis 
(Haglund heel), which is often confused with achilles bursitis. Simple 
removal of the exostosis is all that is necessary for cure. Thomsen 
discusses the same subject and arrives at the same conclusion, namely, 
that simple removal is all that is necessar}-. He has discontinued the 
complicated operative procedure advised by himself in the past. 

Accessory Bones of the Foot. — ^In several articles on supernumerary 
bones of the foot, differences of opinion are expressed. Licht®^° and 
Delano discuss bipartite os naviculare pedis and os intermetatarseum 
(a small accessory bone l3dng between the bases of the metatarsal bones) 
and come to the conclusion that such supernumerary bones are rarely 
of any clinical importance. Gottlieb®^- and Perez®®® believe that the 
accessoiy bones frequently cause irritation and inflammatorj’^ conditions 
and are of definite clinical importance. There can be no doubt that an 
accessory scaphoid bone because it interferes with the attacliment of the 
tendon of the tibialis posticus muscle does allow pronation of the foot 
and that frequently irritation over the accessory scaphoid bone occurs 
because of pressure against the shoe. Careful shoeing of the foot and 
correction of pronation will relieve an}' irritation present, but the accom- 
panying pronation or fiatfoot can be completely corrected only by appro- 
priate operative measures, sucli as Kidner’s operation. 

Diseases and Injuries of the Tendo Achillis. — Williams ®®'‘ reports 
43 cases of tenos3'novitis of the tendo achillis and emphasizes the diag- 
nostic importance of pain in the heel and along the tendon. Tlie author 
considers of diagnostic importance pain in the heel and along the 
Achilles tendon, swelling over the lower end of the tendon sheath and 
crepitus over the tendon on movement. These s3'mptoms differentiate 
the condition from achilles bursitis, since in cases of the latter condi- 

628. Frohlich, E. : Abnormalities of the Calcaneum, the Haglund Heel, 
Rontgenpraxis 12:221-224 (June) 1940. 

629. Thomsen, W. : Impracticalitj' of Suggested Surgical Therapy of Hag- 
lund Heel, Ztschr. f. Orthop. 71:256-260, 1940. 

630. Licht, E. deF. : Bipartite Os Naviculare Pedis, Acta radiol. 22:377-382, 
1941. 

631. Delano, P. J. : Os Intermetatarseum: Unusual Variant, Radiology 37: 
102-103 (July) 1941. 

632. Gottlieb, A. : Clinical Significance of -Accessory- Bones of Foot, West. J. 
Surg. 49:452-453 (Aug.) 1941. 

633. Perez, I. P. : Osteochondrosis of Supemumerary Scaphoid Bone : Cases, 
Cir. ortop. y traumatol., Habana 8:90-96 (July-Sept.) 1940. 

634. Williams, A. A.; Tenosynovitis of Tendo Achillis, Brit. !M. J. 2:377- 
378 fSept. 13) 1941. 
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lion, the |i;iin loe.nli.-cil uver liir in. rt lion o', th" I'lnlot!, !i". 
accompanied li}’ crcpiui'- and n-atally conn' , on after vinl'-sit eseriioa. 
Tlic ino.-^t iinponant c;m''alive factor of tent-'> noviti,-. ot the achiife 
tendon, according; to William-', is ’.vearintt 'lio'-,. or hoots v.'lucli cnn-vrici 
the forepart of the foot and rai-e ti ridi;e at the had; over the heel 
which causes prcssnr(! on the tendo aehilli'. Williatn.s helievc.s that 
hoots and extended marching do not can-e leno^ynovitis ; thi.-^ is a point 
worthy of notice. He advocates the we.ariny of h o-e-fittinu shoes and 
bools for those dointj a qreat ileal of marchin',: and the treating: of the 

condition once established by the injection of procaine hydrochloride 

into the sheath of the tendon. Davis rej)orts a mnnher ot cn.-ca 
of achilles bursitis comini: on after prolonyetl marchiny. He has had 
success in treating this condition by using two cylinders of soft material 
2 by 4 by 4 inches (5 by 10.2 by 10.2 cm.). .-\ cylinder is placed on each 
side of the irritated area and strapped into place with adhesive tape. 

Schnaberth reports complete avidsion of the tendo achillis as a 

frequent accident in pcoi)lc over 30 years of age who take part m 

sports and who arc unaccustomed to sport activities. He remarks 
on the wide retraction of the ends of the rnptnrcd tendon, which he 
advocates suturing with silk rather than with fascia, after liberal resec- 
tion of the splintered tendon fibers and cicatricial tissue if present. The 
after-treatment consists in holding the foot in the equinus position m 
plaster with the knee flexed. [Ed. Note: One of us (R.L.D.) feels 
after a fairly ivide experience that fascia lata is preferable to silk as a 
suture material, for while at times there may be considerable reaction 
following the use of fascia lata, the end results have been iinifonnly 
successful. When fascia is used, the foot docs not have to be held 
in an equinus position ; this obviates long and arduous physical therapj 
to correct, and motion may be instituted much earlier.] Silfverskiold 
reports 4 cases of acute and 3 of chronic subcutaneous rupture of the 
achilles tendon. In all cases he repairs the rupture by a flap d b} 
10 cm., from the posterior layer of the tendo achillis; this is tuine 
down and rotated on the distal pedicle so that the smooth outer surface 
remains posterior. The flap is sutured along the side and to the 
attachment of the distal segment of the tendon. [Ed. Note; Here 
again the use of fascia seems simpler and more effective, considering 


635. Davis, H.' R. L. : Ambulatory Treatment for Acute Retrocalcaneo- 
bursitis, Canad. M. A. J. 45:77 (July) 1941. 

636. Sebnaberth, K. ; Complete Avulsion of Achilles Tendon as Present 
Frequent Sports Injury: Surgical Therapy, Arch. f. orthop. u. Unfall-Chir. 
40:594-597, 1940. 

637. Silfverskiold, N. : Subcutaneous Total Rupture of Achilles Tendon and 
Its Treatment, Acta chir. Scandinav. 84:393-413, 1941. 
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the shredding A\-lhcli occurs so frequently in the proximal part of the 
tendon from which a flap is taken.] 

jMarottoli reviews previously reported cases and adds 2 new 
cases of ossification of the tendo achillis following injur}-. The ossifi- 
cation may be a single large center or two or more nuclei of ^-arying 
sizes, usually independent of each other. The calcareous material is 
usually closely adherent to the tendon fibers and is excised with diffi- 
culty. Tlie author recommends doing nothing unless the condition is 
causing symptoms, and then the ossification should be excised. 

Ostcochronditis of the Ankle Joint. — IMensor and Melody point 
out that trauma to an ankle joint ma}- result in breaking loose a frag- 
ment of joint cartilage which becomes a loose body. The size of such 
a loose body may be small enough to prevent its visualization in the 
ordinal-}' roentgenogram. Taking a number of different exposures 
or using tomography to visualize such fragments is recommended if 
chronic pain and discomfort in an ankle following a sprain are com- 
plained of and do not respond to ordinary consen-ative treatment. One 
case is reported in which the result following operation was satisfac- 
tory. This is an interesting and practical obsei-^'ation. 

Niederwieser and Grauer believe that osteochondritis is not due 
to asceptic necrosis (osteochondritis dissecans) but to trauma, either 
to a single major injury or to repeated slight injuries. They report 
a case of ostcochronditis of the ankle following reposition of a clubfoot 
in a child 3J4 years old. They believe that spontaneous resorption of 
such loose bodies occurs frequently. [Ed. Note: This has not been 
the experience of one of us (R.L.D.) ; removal is usually necessary.] 

Roentgen Studies of the Ankle Joint. — Wolff reports the result 
in a study of 26 ankles in which contrast mediums were used. He con- 
siders that arthrography gives valuable information concerning lesions 
about the ankle joint in that it shows abnormalities in the joints, the 
tendon sheaths and even the tibiofibular syndesmosis which are not- 
visible in the ordinary roentgen examination. Hansson also believes 

638. Marottoli, O. R.: Ossification in Achilles Tendon Following Injun-: 
Cases, An. de cir. 7:83-89 (March-June) 1941. 

639. Mensor, M. C, and Melody, G. F.: Osteochondritis Dissecans of .Ankle 
Joint: Use of ’ Tomography as Diagnostic Aid, J. Bone & Joint Surg. 23:903- 
909 (Oct.) 1941. 

640 Niederwieser, V., and Grauer, J. : Loose Bodies m -Ankle, Traumatic 
Osteochondrolysis, Unusual Localization in .Ankle Following Redressement for 
Congenital Club Foot, Spontaneous Healing, R6ntgenpra.Kis 12:la2-lc6 (April) 
1940. 

641. Wolff, -A.: Arthrography of .Ankle .Toint. Nord. med. (Norsk mag. i. 

laigevidensk.)’ 8:2449-2455 (Dec. 14) 1940. . 

642. Hansson, C. J.: Arthrographic Studies on Ankle Joint, Act.-! raciol. 

22 : 281 - 28 /. 1941 . 
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in the value of arthrography. He uses 3 to 6 cc. of 35 per cent 
solution of dioclrast injected into the ankle joint after preliminary anes- 
thesia has been induced with procaine hydrochloride. Hansson is par- 
ticularly impressed with the information about the condition of the 
tibiofibular syndesmosis wliich can he obtained with this method. 

Santora gives a position for taking roentgenograms of the ankle 
joint which, according to the author, gives a much clearer view of the 
bones of the foot than the one ordinarily used. The patient is placed in a 
sitting position with the plantar surface of the foot resting on the film 
holder; this in turn is resting on a block angulatcd to 23 degrees, the 
reel being at the lower end and the toes at the upper end of the incline. 

re X ray tube is tilted at 10 degrees and turned toward the ankle 
joint. According to Santora the central raj’s pass through the talotibial 
joint and demonstrate fractures of the tibia and the fibula which may 
be missed by the ordinary technic. The ankle joint is a complicated 
an impoitant joint, and too much care cannot be exercised in getting 
a e^ate loentgenograms when injury to the joint is suspected. 

re i oieaus describe a method of roentgen examination for 
ipes yams and talipes valgus. The roentgenograms are taken with 
patient standing facing a portable roentgen apparatus. The feet 
aie per ectly parallel with their internal edges about 5 cm. apart. The 
centers of the heel and of the forepart of the foot are in line with 
noimal loentgen lay. The focus is fixed at a distance of 70 cm. 
mi cm. below the horizontal plane of the foot support. The roent- 
* au shows the lower portion of the calcaneum, the tibiotarsal 
r ^ lower portions of the tibia and the os peroneum. Both 

ppear m the same film. The authors have established landmarks 
y u lie to fix numerically the normal and pathologic angular views, 
thereby permitting recognition of deformity. 

Wilhelm reports 3 cases of spontaneous frac- 
1 ^ which the metatarsals were involved and in 

on 'vhich the pelvis was affected. His theory is that such accidents 
onr ^ ^ f constant vibration set up during marching. He points 

patients were of the asthenic constitutional type, unaccus- 
^ exertion. He advises physical training for all young 

Roen?geS''«;il7-/28 

S^ntg^n^Studv Moreau, M. H.: Talipes Valgus and Talipes Varus: 

r.4TwiLlL 6=48-53 (May) 1941. 

Obsen-ationc: nn c: Fractures (March Fractures) : Based on Recent 

Observations on Soldiers. Deutsche Ztschr. f. Chir. 254:11-19, 1940. 
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men with special emphasis on exercises tending to strengthen the muscles 
and the ligaments of the foot and a diet rich in vitamins. Moore and 
Bracher have obser\-ed march fractures in seasoned soldiers in good 
health and ascribe the fracture to unusual strain on a weak second, 
third or fourth metatarsal bone. Unequal distribution of weight on 
the metatarsal bones because of faulty foot balance seems to be tlie most 
logical explanation of march fracture. 

hipirics to the Foot and the Ankle. — Childress has written an 
impressive article on subfascial hemorrhage or hematoma complicating 
crushing injuries of the foot. The conclusions are interesting and are 
as follows: 1. Subfascial hemorrhage of the dorsum of the foot fre- 
quently complicates metatarsal fractures and soft tissue hemorrhage 
caused by crushing trauma. 2. The cruciate ligament of the foot may 
act as a constricting band in subfascial swelling; the condition was 
produced in 8 feet from cadavers into which d 3 'e solution was injected. 
0 . Immediate multiple indsions to release and remove subfascial 
hematoma is the treatment indicated in cases in which this is severe. 
4. Release by transverse section of the cruciate ligament and the trans- 
rerse ligament of the foot and the ankle should be considered in cases 
in which there are persistent circulatory blocks. 5. Delayed or inade- 
quate treatment results in congealed foot or in the necrosis of the soft 
part of the dorsal part and the forepart of the foot and the toes. 
[Ed. Note: A similar condition has been noted in the hand by one 
of us (R.L.D.) following multiple fractures due to crushing violence.] 

Gill and Abbott call attention to the late results which follow 
fracture or separation of the medial malleolus in children. This injur}- 
may lead to premature cessation of growth in the medial portion of the 
distal epiphysial plate at the lower end of the tibia with resulting 
varus deformity of the foot and the ankle as time goes on. The 
authors advise careful immobilization in cases in which the condition 
is fresh, fusion of the distal tibial epiphysis in cases in which the 
condition is developing and correction of the deformity by low oblique 
osteotomy passing through the area of deformit}- or wedge osteotomy 
in old cases with established deforrait 5 ^ The possibility of interference 
with the distal epiphysis of the tibia with later bone deformit} should 
be constantly borne in mind when dealing with such fractures in chil- 

646. Moore, P. F.. and Bracher, .'V. N- : March Fracture : Report of Three 

Cases. War Med. 1:50-54 (Jan.) 1941. 

647. Childress, H. M. : Subfascial Hematoma as Complication of Crush- 
ing Injuries to Foot, J. Bone & Joint Surg. 23:251-255 (April) 1941. 

648. Gill, G. G., and Abbott, L. C: Varus Deformm- of .Wkle Follm^ung 
Injuri- to Distal Epiphysial Cartilage of Tibia m Growing Quldren, Surg.. 
Gynec. & Obst. 72:659-666 (March) 1941. 
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dren, and the parents should be informed at the outset of the possibility 
of later deformity developing for this reason. 

Impink discusses the imjiorlancc of immediate reduction of all 
fractures of the tarsus and the, metatarsus, since all of the bones of this 
region are weight bearing and failure to secure satisfactory position 
of fractures involving any of them may lead to serious disability. Impink 
prefers an unpadded plaster dressing for immobilization and the use 
of a walking iron incorporated in the plaster for all fractures except 
those of the os calcis ; the weight bearing allowed by the walking iron 
is a stimulant to circulation. He advocates the application of an elastic 
bandage or an Unna’s paste boot for swelling following the removal 
of the plaster. [Ed. Note; While the use of an elastic bandage and 
the application of Unna’s paste boot may be helpful when there is 
marked continuous swelling following the removal of plaster ; as a rule, 
properly managed physical therapy rapidly brings about a return to 
normal, particularly if weight bearing has been permitted in plaster.] 

Sublingual Glomus . — Milch makes the interesting observ'ation that 
subungual glomus tumors cause a pressure atrophy on the dorsal surface 
of the terminal phalanx. This is due not to the pressure of the 
tumor itself but rather to the pulsation of the vascular portion of 
the tumor. Following removal of the tumor, the postoperative roent- 
genogram showed almost complete disappearance of the lacunas previ- 
ously noted. In other words, the bone returned to normal. A series 
of cases is reported. 

Relaxation of the Tendo Achillis in Fracture of the Leg . — -Bustani 
suggests relaxing the pull of the tendo achillis when setting fractures 
of the bones of the leg by infiltrating the muscles of the calf with a local 
anesthetic. He himself uses procaine hydrochloride. He states that he 
has had excellent results in a few cases. [Ed. Note: This method of 
relaxing the tendo achillis has been used by Phelps for relaxing the 
contracted heel tendon in cases of spastic paralysis for diagnostic pur 
poses, and it does give satisfactory relaxation. However, reduction 
of fractures of the bones of the leg requires general or intravenous anes 
thesia. Such anesthesia gives complete relaxation of the muscles o 
the calf, making unnecessary the additional local measures described 
by Bustani. If general or intravenous anesthesia is contraindicated 
or unobtainable, the method suggested by Bustani seems to have def- 
inite merit.] 

649. Impink, R. R. ; Fractures of Foot, S. Clin. North America 20:1815' 
1837 (Dec.) 1940. 

630. yiilch, H.: Pressure Atrophy of Terminal Phalanx Due to Subungual 
Glomus, Bull. Hosp. Joint Dis. 2:128-132 (July) 1941. 

651. Bustani, J.I.: Anesthesia of Achilles Tendon in Fractures of the Leg, 
Publ. med., Sao Paulo 12:41-46 (Jan.-Feb.) 1941. 
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X^^I. CONDITIONS INVOLVING THE SHOULDER, NECK AND JAW 

Lesions Due to Injury and Disease of Bursas and Tendons About 
the Shoulder Joint. — In a fairly complete outline of diseases of the 
shoulder Steindler divides them into: -(1) lesions of the bursa; (2) 
injuries to tendons and muscles overlj-ing the bursa, and (3) other 
lesions, e. g., tendon rupture and brachial neuritis, which simulate 
bursitis. Differential diagnosis and treatment are discussed. In a 
similar type of paper Wilson analyzes 168 cases of painful shoulder; 
89 of these were lesions of the subacromial bursa; 27, lesions of the 
shoulder joint; 16, lesions of the bones; 10, lesions of the acromio- 
clavicular joint, and 5, lesions of the biceps tendon. He believes that 
periarticular adhesions account for more cases of painful shoulder than 
calcareous deposits. 

'\^'ood lists various sj'stemic diseases, particularly those which 
involve the lung, which can produce pain in the region of the shoulder. 
The dift’erential diagnosis is not alwaj-s eas}', but usually local tenderness 
and muscle spasm are absent in these systemic diseases. 

An extensive study of calcium deposits about the shoulder joint has 
been made'bj" B. M. Bosworth.®®® Six thousand and sixty-one persons, 
mostly normal people, were studied by fluoroscopic examination. One 
hundred and sixt 3 "-five, or 2.7 per cent, had calcium deposits in sufficient 
amount to show by fluoroscope ; 70 of these persons had pain and dis- 
comfort in the shoulder at some time. Illness and infection played no 
part in the formation or regression of deposits. Trauma alone did not 
cause deposits. Such deposits might form in Uvo months but usually 
required a longer time. Small deposits often disappeared without 
symptoms, but larger ones always caused symptoms. Large deposits 
were best treated by incision. D. M. Bosworth describes a method 
of radical exploration of the shoulder which is not new, viz., a division 
of the deltoid fibers close to their acromial attachment. Fusion of the 
shoulder joint is advised when tliere is complete avulsion of the tendinous 
cuff. The technic of fluoroscopy of the shoulder and tlie method of 

652. Steindler, A.: Lesions About the Shoulder Joint, Northwest ifed. 40: 
3-7 (Jan.) 1941. 

653. Wilson, P. D.: The Painful Shoulder, Brit. M. J. 2:1261-1265 (Dec. 30) 
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654. Wood, O. T. ; Clinical Significance and Differential Diagnosis of Shoulder 
Pain: Clinic of Eight Cases, Intemat. Clin. 1:18-24 (March) 1941. 

655. Boswortli, B. ^f. : Calcium Deposits in Shoulder and Subacromial Bur- 
sitis; Survey of 12.122 Shoulders, J. A. M. A. 116:2477-2482 (May 31) 1941. 

656. Bosworth, D. M- : Supraspinatus Syndrome : Sjmptomatologj-. Pathology 
and Repair. J. .^. M. 117:422-428 (.‘Vug. 9) 1941. 
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taking small localized roentgenograms of the calcium deposit arc further 
described by B, M. Bosworth/'^* 

Cleaves describes a new film holder for roentgen examination of 
the shoulder. The film is placed about a bakclitc tube covered with lead 
foil, 1% inches (4.S cm.) in diameter. This is placed in a second tube 
2 inches (5 cm.) in diameter. The tube is then placed as high as 
possible in the axilla. The x-ray tube is centered about the shoulder. 
Good views are obtained of the humeral head and the acromioclavicular 
joint. 

A discussion of inflammation in all bursas and ganglions including 
those about the shoulder is given by Cherry and Ghormlcy.®^- Excision 
is advised for most of them. Stumpfegger claims to obtain relief of 
disability of the subdeltoid bursa with a protein e.xtract from various 
organs of the body (Clauden) injected repeatedly into the bursa. 
Wertheim and Rovenstine believe' that an analgesic block of the 
suprascapular nerve at the suprascapular notch is the procedure of choice 
to relieve pain about the shoulder. After the use of 5 cc. of 5 per cent 
intiacaine (,d-dieth3'’laminoethyl-p-ethoxybenzoate h 3 ''drochloride) in oil 
analgesia persisted for several weeks. Ph 3 'sical therap 3 ’ and other pro- 
cedures could then be carried out without pain. [Ed. Note : Injections 
about the suprascapular nerve lead to anesthesia chiefl 3 ’ about the 
posterior aspect of the shoulder, but the method is simple and sometimes 
effective. ] 


Sutro and Cohen studied 34 patients with calcification in tbo 
tendons of the shoulder for vitamin deficienc 3 \ Eight patients were 
given tocopherol, but they showed no more rapid subsidence of s 3 '’mptoms 
than control patients. Dick, Hunt and Ferry report giving 1 Cm. 
of ammonium chloride four times a day to patients with calcification of 


657 Bosworth, B. M.: Examination of Shoulder for Calcium Deposits: Tech- 
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the supraspinatus tendon. More rapid disappearance of the calcium 
deposit -was obser\'ed. 

Roentgen Therapy. — ^Roentgen therapy has been advocated for peri- 
tendinitis calcarea. Pinner and Staderman treated 56 patients with 
calcification in tendons ; in 52 of these the calcification was in the supra- 
spinatus tendon. Sevent)'^ to 100 r was given over the shoulder area 
every other day until the symptoms subsided. Rarely were more than 
five treatments necessar)\ Marked clinical improvement was noted in 
all cases. Longer treatment was sometimes required in the chronic 
cases. There was usuall}' rapid absorption of the calcium deposit. A 
comparison between diathermy and roentgen treatment is made by 
Solomon and klorton.®®® Twenty-five patients with periarthritis of the 
shoulder were treated with roentgen therapy. In each group 60 per cent 
were relieved of their symptoms. 

Roentgen treatment is advocated for subacromial bursitis by Jones,®®® 
who reports the treatment of 14 patients witli relief of symptoms in aU 
of them. At each treatment 350 r was given. More than one treatment 
was required for most of these patients. [Ed. Note: Relief of pain 
from subacromial bursitis usually follows roentgen treatment, but 
physical therapy and at times manipulation are required to regain full 
motion in the shoulder joint in the chronic cases.] 

Recurrent Dislocation of the Shoulder. — Recurrent dislocation of the 
shoulder is discussed by Ahlberg.®®' He reports a procedure similar to 
that of Nicola. The long head of the biceps is cut in the intertubercular 
groove and sutured to the bone. The distal end is sutured to the bone 
below the tuberosity. Heger ®®® reports the relieving of recurrent dis- 
location of the shoulder by injecting the patient’s blood at five day 
intervals and keeping the arm in a sling. About 6 cc. of blood is injected 
into the articular capsule through the deltoid muscle. No case records 
are given. 

Conditions Resulting front Injuries About the Head of the Humerus. 
— Lesions about the head of tire humerus are not uncommon with dis- 

664. Pinner, W. E., and Staderman, A. H. : Peritendinitis Calcarea, with 
Particular Reference to Calcification in Supraspinatus Tendon, U. S. Nav. M. Bull. 
39:521-532 (Oct.) 1941. 

665. Solomon, W. M., and Morton, J. L. : Periarthritis of the Shoulder ; Com- 
parison of Results Obtained by Physical Therapy and bj’ Roentgen Therapy, 
Arch. Phys. Therapy 22:607-610 (Oct.) 1941. 

666. Tones, O. O. : X-Ray Treatment of Subacromial Bursitis, New Orleans 
M. & S. .T. 93:363-366 (Jan.) 1941. 

667. .Ahlberg, A. : Therapy of Habitual Dislocation of the Shoulder, .Acta cliir. 
Scandinav. S4:557-s65, 1941. 

66S. Heger, B. : Conser^-ative Treatment of Habitual Luxation of the Shoulder, 
Wien. med. Wchnschr. 91:22-24 (Jan. 11) 1941. 
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location of ilic shoulder and in professional athletes. Hill and Sachs 
leport t lat a frequently unrecognized fracture in the posterolateral aspect 
0 tie lumeial head occurs with dislocations. At this region a coinpres- 
sioii lactuie can be demonstrated by roentgenograms which show this 
posterolateral portion of the humeral head. Lesions in the bicipital 
t,roo\e can be demonstrated by roentgenograms taken with the patient 
supine and with the arm adducted and snp'inatcd, state Sachs, Hill and 
lumar . Occasionally there is an additional groove lateral to the 
ongina one. Bennett “-i describes hypoplasia of cartilage, the develop- 
en o oose odies in the elbow joints and osteoarthritic deposits about 
Ipri shoulder joint in professional athletes, particu- 

^ pitchers, due to injury sustained in pitching. He obtains 
pi-+n s>niptoms and fairl}’ normal function by the removal of osteo- 
^posits and loose bodies at the shoulder and elbow joints, 
suci procedures may relieve symptoms, they rarely make possible 
a continuance of pitching baseball. ' ' - ^ 

mpv n Tendon Rupture. — ^Muscular and tendinous ruptures 

ruomr^oJ r shoulder. Wuthrich reports the 

tendon w tendon of the biceps brachii muscle. The torn 

doinp- I'adial tuberosity with silk. The patient was 

of th^ hi six months later. Rupture of the long head 

?oth .id^ Long.o- Such a rupture on 

imoroveinpnf in a 31 year old man. Operation led to little 

I'eoorted hv ’j^’j^tion. A rupture of the pectoralis major muscle is 
caueht hold Chandlee in a 67 year old man who fell and 

to full rp ° ^ ^i^turing of the muscle to the chest wall led 

runtu e " a tear in the omohyoid muscle by 

neck a nr 1 ^ ^ fascia. This produced a slight tumor in the 

the tumor leinia. Suture of the fascia led to disappearance of 

quently Unreco-xn^pa^^ Sachs, M. D. : Grooved Defect of Humeral Head, Fre- 
35:690-700 (Dec.) jg^Q°™Phcations of Dislocations of Shoulder Joint, Radiology 

670. Sachs, M D • tt;u -lj a . r 

Shoulder Joint with 'q.f - , Chuinard, E. L. ; Further Studies of 

735 (June) 1941 Reference to Bicipital Groove, Radiology 36: 731- 

Pitcher, J A M A ^’7 Elbow Lesions of Professional Baseball 

672. WnVhrkh A c 

ChS?7Sl37t w"o. 

Biceps Brach^i^A^'^^c^^^'^^l Rupture of Long Head Division of 

674. PuS p^T = (March) 1941. 

Surgerv 10-309 312 'V a" x B-uptures of Pectoralis Major Muscle, 

vAug.) I94i_ 

0 / 3 . \Vcn*7^er H T • c u t 

of Bs Binding p.;.,-' " ^dislocation of Omohyoid Muscle by Rupture 

a-c.a, J. Bone & Joint Surg. 23:682-683 (July) 1941. 
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Acromioclavicular and Coracoclavicular Conditions. — A method of 
treatment of acute acromioclavicular dislocation is described b}" Hart.®'® 
He applies a plaster spica cast with the arm in 45 degrees abduction. 
Downward pressure is applied by straps and a pad on the acromion for 
six to eight weeks. After four weeks the upper half of the arm cast is 
removed, and exercises are given. 

Two methods of operative repair of acromioclavicular dislocation 
are reported. Mumford,®'* while believing that most patients recover 
with consers'ative treatment, advises operation if symptoms persist. 
Absence of part of the clavicle does not lead to disabilit}'. To relieve 
tire pain of acromioclavicular dislocation he removes the distal end of the 
clavicle. Four cases are reported with prompt relief of symptoms and 
return to work in three to four weeks. B. M. Bosworth ®'® advises 
the suspension of the scapula from the clavicle for acromioclavicular 
separation. This is done by fixing the clavicle to the coracoid process 
with a single vitallium screw. No support is required postoperatively, but 
heavy work is not permitted for six weeks. 

Abnormalities of the clavicle and its articulations have been reported 
occasionally. Nutter ®'® reports 12 examples of coracoclavicular articu- 
lations in 1,000 patients ; in 6 patients the articulation was present on 
both sides. Slocum ®®° reports 1 case of bilateral coracoclavicular articu- 
lation without sjTOptoms. 

Cervical Rib and the Sealenus Anticus Syndrome. — Stammel has 
obseiT'ed a fracture of a cendcal rib which occurred in an automobile 
accident. There were no special symptoms. Hadley ®®- found cendcal 
ribs in 1 per cent of autopsies. He believes that there is a hereditary 
tendency to this ab^ormalit}^ Late s 3 Tnptoms come from weakening 
and depression of the shoulder girdle. 

A new method of treatment of pain resulting from spasm of the 
scalenus anticus muscle is described by Kaplan.®®® He injects a solution 

676. Hart, V. L. : Treatment of Acute .Acromioclavicular Dislocation, T. 
Bone & Joint Surg. 23:175-176 (Jan.) 1941. 

677. Alumford. E. B.: Acromioclavicular Dislocation: Xew Operative Treat- 
ment, J. Bone S: Joint Surg. 23:799-802 (Oct.) 1941. 

678. Bosworth, B. M. : .AcromiocaHcular Separation : New Afethod of Repair, 
Surg., Gvnec. & Obst. 73:866-8/1 (Dec.) 1941. 

679. Nutter, P. D. : Coracoclavicular .Articulations, J. Bone & Joint Surg. 
23:177-179 (Jan.) 1941. 

680. Slocum, D. B.: Coracoclavicular Joint, Northwest Afed. 40:16 (Jan.) 
1941. 

681. Stammel, C. -A.: Bilateral Cervical Ribs: Report of Case with Fracture 
of Left, -Am. J. Roentgenol. 45:750 (May) 1941. 

682. Hadley, H. G. : Cervical Ribs. J. Maine Af. .A. 32:197-198 (.Aug.l 1941. 

685. Kaplan. L. : Relation of Sc.alcnus .Anticus Aluscle to Pain in Shoulder : 

Diagnostic and Therapeutic Value of Procaine Infiltration. .Arch. Surg. 42:759-757 
(.April) 1^41. 
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of procaine hydrochloride into the scalcmis anticiis muscle. Seventy- 
eight injections were given to dO patients without any untoward effect. 
Most of the patients were completely relieved. Sometimes permanent 
relief resulted from a single injection. 

Conservative treatment is advocated in' Hansson for the cen'ico- 
brachial syndrome. He finds that an analysis of cases shows that in 8 d 
per cent operation is not performed. In all cases the condition is related 
to the superior outlet of the thorax. The structures which may increase 
tension on the vessels and nerve fibers arc: (1) a high first rib; (2) a 
cervical rib; (3) a spastic scalenus muscle; (4) increased traction from 
within the thorax, and (5) increased traction by the scapula and the 
upper extremity. The author advocates rest and support with an air- 
plane splint or a figure of eight bandage for the cases in which the 
condition is in an early stage. Exercises for maintaining the shoulder 
high and correcting posture are given. Head correction is delaye 
because holding the head erect may increase tension on the brae na 
plexus. Surgical correction is reserved for those who do not respon 
to this treatment. 


Cleidocranial Dysostosis . — A case of cleidocranial dysostosis^ is 
reviewed by Tuggle and Mitton.®®® There was a defect in the midportion 
of the clavicle. Frequently no inconvenience or weakness results from 
the deformity. Complications are more frequently psychologic than 
physical. 


Conditions About the Scapula . — Two cases of scapula alata are 
reported by Foley and Wolf.®®® These resulted from paralysis of the 
serratus magnus muscle. In one the paralysis of the serratus muse es 
followed an abdominal operation. In the other the condition was cause 
b)’’ infantile paralysis. They describe a spinal brace with pads oyer tie 
scapula which improves function and makes the deformity inconspicuous. 

Brunnstrom ®®’' has studied 17 cases of isolated paralysis of muscles 
about the scapula. This has given her an excellent opportunity or 
studying the isolated function of these muscles on the opposite side. 
finds that isolated paralysis of the trapezius muscle did not inte ere 
appreciably with elevation of the arm. Isolated paralysis of the serratus 
magnus muscle caused much disability; the arm could not be elevate 
above the horizontal position. The levator scapulae muscle can ta 

684. Hansson, K. G. : Cervicobrachial Syndrome, Arch. Phys. Therapy 22 
662-666 (Nov.) 1941. 

685. Tuggle, A., and Mitton, K. L.: Clavicular Dysostosis, Am. J- Roentgeno • 
45:728-729 (May) 1941. 

686. Foley, W. E., and Wolf, J. : Scapula Alata, J. Iowa M. Soc. 31:424 
(Sept.) 1941. 

687. Brunnstrom, S. : Muscle Testing Around Shoulder Girdle, J- Bone 
Joint Surg. 23:263-272 (April) 1941. 
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over the function of the upper trapezius muscle, and the serratus can 
take over the function of the lower trapezius. 

The Jazu. — Kleinberg®®® reports a case of unilateral dislocation of 
the temporomandibular joint caused b}- the forceful extraction of a tooth. 
There was a history of repeated attacks of locking and stiffness for three 
months. The joint was exposed through a vertical incision anterior to 
the temporal arterj-, cur\-ing 45 degrees anteriorly above the joint line. 
At operation a degenerated cartilage was found, and there was a ridge 
of bone on the anterior margin of the joint. The removal of these led to 
free movement in the temporomandibular joint. There was complete 
recover3^ 

Extra-articular bon}' ank}dosis of the temporomandibular joint is 
reported by Berger.“®° This occurred in a 4 year old Negro boy after 
multiple fractures of the facial bones from the kick of a horse. The 
removal of a mass of bone which joined the coronoid process to the 
mandible led to the return of movement. 

Beclavith has obseri^ed that disturbances in the balance of occlu- 
sion of the teeth cause changes in the temporomandibular joint. 
Symptoms of this may be centered about the ear or may travel along 
the sensory branches of the fifth nerv^e. Sheets reports that 
abnormalities of the jaw can give rise to certain common complaints, 
e. g. temporaiy- impairment of the hearing, buzz in the ear, pain and 
tenderness about the ear, dizziness and headache, particularly if the 
molar teeth are lacking. The condylar head might push on the meniscus 
rather than guide it. Treatment consisted in resting the joint. In 
severe cases wiring may be required. 

XVIII. CONDITIONS INVOLVING THE ELBOW, FOREARM, 

WRIST AND HAND 

Surgical Approaches to the Elbozv Joint. — The Kocher incision is 
praised by Bertola.®®- He modifies the skin incision by displacing it 
backward halfway between the epicondyle and the posterior midline 
through the olecranon process. He extends the incision from about 6 
cm. above the olecranon process to 6 cm. below, curving it like an 

688. Kleinberg, S.: Traumatic Internal Derangement of Temporomandibular 
Joint, Am. J. Orthodontics (Oral Surg. Sect.) 27:328-332 (June) 1941. 

689. Berger, A. ; Intra-Articular Bony Ankj-losis of Temporomandibular Joint, 
Bull. Hosp. Joint Dis. 2:27-33 (Jan.) 1941. 

690. Beckwitli, T. H. : Observations Concerning Temporomandibular Joint, 
Bull. Jackson Mem. Hosp. 3:74-78 (Jan.) 1941. 

691. Sheets, C. E., Jr.; Temporomandibular Joint, Mil. Surgeon 88:529-538 
(May) 1941. 

692. Bcrtola, V. J. : New Incision for Elbow, Prensa med. argent. 28:479-484 
(Feb. 26) 1941.’ 
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extended S to end by crossinc^ (he jKisterior midlinc, nnich as in the 
Kocher incision. By displacing Koclier’s skin incision a few millimeters 
posteriorly, the author hopes to protect the cutaneous nerves and to 
respect more fully Langer’s lines of tension, thus avoiding painful scars. 
For the remainder of the exposure Koclier’s technic is used. [ho. Note; 
Never having observed a painful scar after years of using the Kocher 
incision, one of us (W. P. B.) sees little reason for this new incision.] 
Kaplan emphasizes the importance of pronation and supination 
of the forearm during exposure of the radial head. He suggests having 
the patient in a prone position with the forearm pronated so that the 
little finger is up from the arm board. Plis incision is carried from 
1J4 inches (3.8 cm.) above the cpicondyle and directly over the 
epicondylar ridge distally for about 2 inches (5 cm.) below the radio- 
humeral joint. It separates the brachioradialis and the two radial exten- 
sor muscles of the carpus laterally and the extensor digitorum communis 
muscle medially. The supinator muscle is identified in the depths. The 
writer demonstrates the greater vulnerability of the posterior branch of 
the radial nerve with the forearm in supination and warns against this 
position. [Ed. Note: The prone position of the patient certainly sim- 
plifies exposure of the radial head and merits Leo Mayer’s recommen- 
dation.] 

Avtdsion of the Distal Biceps Brachii Tendon . — ^Avulsion of the 
distal biceps brachii tendon is so rare that little has appeared in 
the literature concerning this injury. Dobbie®"^ presents a new case 
of his own and 1 of Plummer’s. In one the biceps tendon was spW 
and sutured to the tendon of the brachialis muscle, and in the other it 
was passed blindly through its normal tunnel and sutured with fascia 
to the ulna. In addition to these the writer reports 49 additiona 
cases uncovered by four hundred and ninety inquiries, to 72.6 per 
of which there were replies. The mechanism of repair in these cases 
varied from actual replacement of a tendon on the bicipital tuberosi^) 
or looping of fascia around the radius, to suturing the tendon to t e 
brachialis muscle, the brachioradialis muscle, the lacertus fibrosus or 
adjacent fascia. The predominant method of repair was suture with si 
through drill holes in the bicipital tuberosity. 

The diagnosis apparently presented no difficulty, although it was 
impossible to differentiate clinically between avulsion and actual rupture 
of the biceps tendon. The subject is summarized, and the results are 
tabulated. Twenty-four cases are added from the literature, making a 

693. Kaplan, E. B. : Surgical Approach to Proximal End of Radius 

Use in Fractures of Head and Neck of Radius, J. Bone & Joint Surg. 23:86-^^ 
(Jan.) 1941. 

694. Dobbie, R. P. : Avulsion of Lower Biceps Brachii Tendon : 

Fifty-One Previously Unreported Cases, Am. J. Surg. 51:662-683 (March) 



PROGRESS IN ORTHOPEDIC SURGERY 


95 


total of 75. From a review of all of these it seems that the results are 
equally satisfactory whether the tendon is attached to the radius or to 
the adjacent soft parts of the forearm. In connection with reattaching 
the tendon to the radius complications arose in 2 cases, and the writer 
warns against the use of the more complicated method. After Dobbie’s 
article had been published, an additional case was reported indepen- 
dently b}' Sharpe.®®'^ He found the lacertus fibrosus torn and frayed and 
the tendon coiled on itself. After exposure of the radial neck, the 
tendon was sutured to the bone with chromic catgut through drill 
holes. The author describes the operation as tedious. A case which 
was unknown to Bobbie was simultaneous^ reported by Ringel 
of Schmieden’s clinic at Frankfurt on the Alain, German 3 ^ He obtained a 
good result bj’’ suturing the avulsed tendon to the lacertus fibrosus 
and the surrounding soft parts. He emphasizes the simplicity of the 
technic and the good end results. Ringel’s bibliography duplicates five 
of Dobbie’s references and furnishes nine additional ones. 

An interesting case is reported b}"- Wolfe in which a traumatic 
partial rupture of the lower end of the muscles from the tendon made 
diagnosis difficult. Repair of the ruptured portion resulted in complete 
recovery. 

[Ed. Note: Dobbie’s collected experiences and opinions establish 
the fact that the inclination of most surgeons on being suddenly con- 
fronted with an avulsed tendon is to replace it accurately. Certainly 
the easier operation is to be preferred, and the end residts justify this 
procedure.] 

Roentgenography of the Wrist . — Alore accurate roentgen studies 
of the carpal canal are urged by Hart and Gaynor.®®® A tangential view 
of the palmar surface of the wrist with the fingers and the hand dorsi- 
flexed outlines the carpal canal with the pisiform bone and the hook 
of the hamate bone on one side and the tubercle of the navicular bone 
and the crest of the greater multangular bones on the other side. In 
a second article®®® he demonstrates the utility of this projection in 
revealing a fracture of the ridge or the tuberosity of the greater multan- 
gular bone and in visualizing the area in which the hook of the hamate 
bone bruised the ulnar neiA'^e. 

695. Sharpe, W. E., Jr.: A^•ulsio^ of Distal Tendon of Biceps Brachii, Am. 
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Anatomy of the JVrist . — MacConaill finds that according to 

function the carpus must be divided into three units. These comprise 
the navicular bone, the lunate and triquetral bones together and the 
distal mass formed of the hamate, capitate and trapezoid bones together. 
This includes all of the bones between the forearm and the metacarpal 
bones, second to fourth inclusive. The navicular bone is separated 
from the other two groups because it moves with the distal row in the 
earlier stages of volar flexion and with the proximal row in the later 
stages. Conversely, it moves with the proximal row in the early stages 
of dorsiflexion and with the distal row in the later stages. In dorsiflexion 
of the hand the muscular forces pulling on the metacarpal bones transmit 
the force directly to the hamate, capitate and trapezoid bones. These 
three bones rotate about an axis which passes through the head of the 
capitate bone at the glenoid fossa of the navicular bone. The ligaments 
connecting the bones shorten and draw the bones tightl}’’ together, lock- 
ing them with a screwlike motion which is best studied in a fresh 
dissection. In the second stage of dorsiflexion, the lunate and triquetral 
bones are screwed against the navicular bone and brought to rest tightly 
against it so that the writer likens the whole mechanism to a screw 
clamp with both rows of bones being screwed tightly against the navi- 
cular bone. The movement of the bones in radial and ulnar deviation 
of the hand is also traced. As a result of an extensive study of the 
anatomy of the bones of the wrist it is suggested that the usual manipu- 
lation of the wrist be reversed in the reduction of dislocation of the 
carpal semilunar bone. Volar flexion is shown to open the space and 
permit easy reduction. Dorsiflexion is used to close the space and lock 
the bone in position. The latter position is fixated in plaster. The 
method has been used successfull}'^ in 9 cases of fresh dislocation. 

This anatomic observation may have bearing on midcarpal disloca- 
tion, such as the one described by Scott in a British soldier. The 
semilunar bone and the proximal third of the fractured scaphoid bone 
maintained their normal relation to the radius. The remaining carpal 
bones were displaced, dorsally, radially and proximally. 

Carter calls attention to the occurrence of a bony tumor on the 
dorsum of the wrist associated with aching and rapid fatigue of the 
hand. Overgrowth of bone similar to a pair of osteophytes occurs on 
either side of the third metacarpal-capitate joint. Various theories of 
causation have been advanced. The writer considers the lesion to be 

700. MacConaill, M. A. : The Mechanical Anatomy of the Carpus and Its 
Bearings on Some Surgical Problems, J. Anat. 75:166-175 (Jan.) 1941. 
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of gradual development. Isolated trauma seems to play no part. In 
2 cases in which operation was performed to remove the protruding 
bone, recurrence was prompt. In a personal communication to the 
author Lambert notes two recurrences after two operations in a similar 
case. Carter concludes that operation is of little value. The clinical 
entit}' is largely of medicolegal interest. [Ed. Note: Carter has per- 
formed a real service in calling the attention of the orthopedic surgeons 
to this clinical entity which should apparently be left alone or treated 
conserv’^atively. ] 

Ganglions of the wrist and the hand are treated b}"^ Lyle with 
roentgen therapr*. Six of 21 patients have been followed for five years. 
Examination and questionnaires have shown that 17, or 81 per cent, 
of the tumors disappeared. Fourteen, or 78 per cent, of the patients 
complaining of pain were relieved, and 9, or 82 per cent, of those com- 
plaining of weakness had a return of normal function. In general, 17 
had good results ; 1 was improved ; 2 were not improved, and 1 was 
not heard from. From one to eight treatments were necessar 3 \ If after 
the first treatment the tumor disappeared in a month, the treatment 
was considered sufficient. When the tumor persisted, 1J4 er}i:hema dose 
of radiation was gir^en each month until results were obtained. If more 
than five treatments were necessar}', the interr^al between treatments 
was increased. A distance of 23 cm. was used with no filter. [Ed. 
Note: Evaluation of end results must be extremely guarded when con- 
sidering a lesion which frequently disappears spontaneously. The indi- 
cation for treatment of a ganglion should be pain and weakness. The 
frequent relief of these symptoms with Lyle’s treatment recommends 
it as sound.] 

Lotsch urges substitution of the term “arthroma” for the inac- 
curate designation “ganglion.” After trying a great variety of forms of 
treatment, he has finally decided in favor of aspiration and injection of 
an iodine solution. 

Madeliing’s Dejormity. — A classical case of Madelung’s deformitr^ is 
reported by the Rochers.‘°® For the treatment of this condition Hucher- 
son recommends the Darrach operation. An incision is made longi- 
tudinally on the ulnar aspect of the forearm, e.xtending from the tip of 
the ulnar styloid proximally. It is carried down to the periosteum 

703. Lyle, F. M.: Radiation Treatment of Ganglia of Wrist and Hand, J. 
Bone & Joint Surg. 23:162-163 (Jan.) 1941. 

704. Lotsch, F. : Nature and Therapy of Tendon Sheath Ganglion : Suggested 
Giange in Nomenclature to “Arthroma.” Med. Klin. 36:676-677 (June 21) 1940. 

703. Rocher, H. L.. and Rocher, C. ; Madelung’s Disease: New Case, J. de 
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ment, Am. J. Surg. 53:237-241 (.^ug.) 1941. 
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between the flexor and extensor carpoulnar tendons. Care must be 
taken to avoid the dorsal branch of the ulnar nerv’e. The periosteum 
is then leflected from the lower portion of the ulna, and the bone is 
cut acioss obliquely, leaving the proximal fragment with a sloping 
margin. The lower fragment is then turned out of the wound, and the 
attachment of the capsule is divided close to the articular cartilage. 
The ulnar styloid is then cut across at its base and left behind with its 
attached collateral ligament. The periosteum is closed. The attachment 
is strong enough to prevent abduction laxity. 

Alexander and Johnson record a case of Madelung’s deformity 
in which in addition to the typical deformity, roentgen examination 
showed bilateral fusion of the semilunar and cuneiform bones. 

In a case of trauma simulating Madelung’s deformity, Marottoli 
and Broca obtained a good result from excision of the triangular 
radiolunar fibrocartilage. They emphasize the simplicity of this proce- 
dure in contrast to plastic operations on this ligament or on the annular 
ligaments. [Ed. Note: The recurrence of discussions of Madelung’s 
eformity in the literature and the multiplicity of therapeutic suggestions 
indicate clearly that the problem is far from solved.] 

DeQuervain s Disease, — In 40 cases of deQuervain’s disease, Weis- 
sen ach and Francon obtained cures in 35 with conservative treat- 
ment, for the most part with hydrotherapy. The writers recommend 
immobilization and administration of sedatives for three weeks. If the 
symptoms are not relieved, thermal treatment without massage is 
instituted. ^ If^ the symptoms persist after two months, surgical inter- 
vention is indicated. Wilberg has studied 23 cases in which operation 
was done and reports 8 in detail. In isolated cases there seems to be 
a definite relation between this lesion and trauma. To impute trauma 
t e author requires a definite history of injurj'- or operative findings 
clearly indicating scarring of the tendon. [Ed. Note: The variable 
response to therapy of this condition as indicated by studies of end 
resu ts is undoubtedly due to the variable causation. Infectious and 
traimatic causes are predominant. Both factors may be operating to 
produce th e symptoms. In the face of infection conservative therapy 
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T? A- ^^*1 Broca, M. : Fibrocartilaginous Lesions of Inferior 

^ ^^''^"’ber 1940 (Ed. espec., no. 10), pp. 205-206. 

fA o ^‘f^,^"bach, R. J., and Francon, F.: Chronic Stenosing Tenosynovitis 
(.de ynervam s Disease) : Symptoms, Diagnosis and Therapy, Rev. argent, dc 
reumatol. 5:299-305 (March) 1941. 
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should be stubbornly adhered to. When the cause is exclusively trau- 
matic and cicatricial contractures are present, immediate operation is 
justified.] 

Anatomy of the Hand . — From studies based on dissection, injection 
and section of 92 adult human hands, Grodinsk}" and Holj'oke would 
like to revise the conception and the nomenclature with regard to fascial 
spaces of the palm. The}' describe midpalmar, adductor, thenar and 
h 3 "pothenar palmar spaces as distinct entities. The\" bound these accur- 
atety. Injection into the midpalmar space of small amounts of gelatin 

filled onl}-^ one or two compartments. Increasingly large quantities 

filled the entire midpalmar space and extended along the lumbrical 

muscles distally toward their insertion dorsally. Still larger volumes 

resulted in the rupture of the oblique septum with extension into the 
adductor space. This term is used instead of the thenar space of 
Kanavel. The writers describe thenar and hypothenar spaces which are 
of little importance clinicall)'^ because infections within them remain 
localized and bear no important relations to other spaces or sheaths. The 
serous tendon sheaths and the fibrous sheaths also are described. The 
writers differ somewhat with the findings published b}- Anson and 
Ashley. 

In an interesting study of 913 residents of the island of Formosa, 
Hikita, Kasiba and Hamasaki have compared the lengths of the 
index and ring fingers. There seemed to be no sexual variation. On 
the average, the index finger was longer than the ring finger. The 
reverse was true of both hands in 12 per cent, of the right hand in 24 
per cent and of the left hand in 6 per cent. [Ed. Note: This is another 
illustration of the variation within normal limits.] 

Dupuytren’s Contracture. — Dupuytren’s contracture has come up for 
discussion on all sides again during the past }-ear. IMeyerding and 
associates offer an excellent summarj- of the subject. On the basis 
of microscopic study in 57 cases the lesion is explained as a chronic 
inflammatory process involving the skin, the subcutaneous tissue and 
the interstitial connective tissue as well as the palmar fascia. The 
authors warn against confusion with fibrosarcoma. They emphasize the 
surgical skill necessar}’- for treatment and offer no gadget}- solution to 

711. Grodinsk}', M., and Holyoke, E. A.: Fasciae and Fascial Spaces oi Palm, 
Anat. Rec. 79:435-451 (April 25) 1941. 

711a. Anson, B. J., and Ashley, F. L. : lilidpalmar Compartment, Associated 
Spaces and Limiting Layers, Anat. Rec. 78:389-407 (Nov. 25) 1940. 

712. Hikita, K.; Kasiba, M.. and Hamasaki, Y.: Relative Length of Fingers, 
Taiwan Igakkai Zassi 40:415 (Feb.) 1941. 

713. Ikleyerding, H. W.: Black, J. R., and Broders, C. : Etiologj- and 
Pathologv of Dupuytren’s Contracture, Surg., G\-nec. & Obst. 72:532-590 (March) 
1941. 
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the problem. Adams also cmpliasizcs llic good results which may 
be obtained by painstaking, time-consuming, delicate operation and 
warns against longitudinal incisions. [Ed. Noth: I\Ieticulous operation 
is certainly the answer to the problem of Dupuytren’s contracture. 
Longitudinal connecting incisions, if kept at the ulnar border of the palm 
as descriped by Koch, have not caused contractures,] Couceiro reports 
a single case. He is impressed with the element of neurotrophic change, 
[Ed. Note: His eleven references are from South American journals 
only ; six of these are found in the Revue ncitrologique. He should read 
the article by Meyerding and associates.] Stern suggests a new 
operative technic. After preliminar}^ exposure he divides the palmar 
fascia longitudinally on a grooved director. Multiple cuts are made 
over the tendon sheaths and over the vessels and the nerves. With 
this start the deep septums are dissected out. The author reports 1 
case. Use of a tunnel graft to relieve skin contractures is suggested 
by Skinner.'^^^ [Ed. Note; The literature on Dupuytren’s contracture 
is now voluminous. If each new writer were to read a few of the good 
existing articles and then perfect a meticulous surgical technic, fewer 
aids in the treatment would be necessary. Badly contracted skin will 
frequently stretch after the fascia has been removed. One should not 
be in a hurry to sacrifice skin. There are still unknown factors in the 
causation. The hereditary element must not be overlooked.] 

Grease Gun Injuries of the Hand. — ^Another case of oil penetration 
of tissue is reported by Hughes.''^* Accidental tripping of the com- 
pressor of a Diesel engine while the nozzle was in contact with the 
palm of a worker’s hand injected 2 to 3 cm. of Diesel oil into the palm 
at the base of the middle and ring fingers. Intractable pain soon fol- 
lowed numbness. Gangrene of the fingers necessitated amputation. 
Several questions are raised which are well answered by Mason and 
Queen.'^^® They report 2 cases. Both injuries were caused by grease 
guns. In the first case a primary incision was made soon after the 
injury at the site of entrance of the oil into the palm. Considerable 

714. Adams, H. D. : Dupuytren’s Contracture, Lahey Clin. Bull. 2:75-78 (Jan.) 
1941. 

715. Couceiro, A.; Dupuytren’s Contracture; So-Called Retraction of Palmar 
Aponeurosis: Case, Neurobiologia 3:396-403 (Dec.) 1940. 

716. Stern, E. L. : New Operative Procedure for Dupuytren’s Contracture, 
Am. J. Surg. 54:711-715 (Dec.) 1941. 

717. Skinner, H. L. ; Operative Correction by Use of Tunnel Skin Graft or 
Dupuytren’s Contracture, Surgery 10:313-317 (Aug.) 1941. 

718. Hughes, J. E. : Penetration of Tissue by Diesel Oil Under Pressure, 
J. A. H. A. 116:2848-2849 (June 28) 1941. 

719. Mason, M. L., and Queen, F. B. : Grease Gun Injuries to Hand: Pathology 
and Treatment of Injuries (Oleomas) Following Injection of Grease Under Hig 
Pressure, Quart. Bull. Northwestern Univ. M. School 15:122-132, 1941. 



PROGRESS IN ORTHOPEDIC SURGERY 


101 


grease was expressed. The incision healed but reopened to discharge 
pus. Later the writers dissected out numerous encapsulated and 
infiltrating greasy tumors which extended down to the fibrous sheath 
of the flexor tendon of the index finger and to either side of the phalanx, 
where the mass surrounded the digital nerves and vessels. There were 
numerous smaller prolongations necessitating a “long and painstaking 
dissection.” In the second case there was penetration of the left index 
finger with grease when a grease gun exploded. Grease could be 
squeezed from a dotlike puncture wound on the palmar surface on the 
distal phalanx. A month after the injury the finger tip became enlarged 
and was finall}- operated on six months later. The subcutaneous tissues 
of the anterior closed space were found to have been converted into a 
dense grayish mass resembling scar tissue and containing numerous 
grossly visible cystic areas filled with gray oil}- fluid. The overlying 
skin was adherent to the mass and apparently involved in the same 
process over one half of the area of the volar surface of the phalanx. 
The fibrous and cystic process extended throughout the whole of the 
subcutaneous tissues of the phalanx down to the periosteum and the 
fibrous tissues over the insertion of the flexor digitorum profundus ten- 
don. The involvement of the skin was not so great in extent as that 
of the subcutaneous tissues. All diseased tissue was removed and a flap 
graft used. 

The irritating effect of oil or paraffin in the tissues has been well 
known for many years. It is not surprising, therefore, that various 
industrial oils and greases, if introduced accidentally or intentionally, 
should also cause disturbance. In the case of injection under great 
pressure there is added to the irritative effect of the oil itself the great 
distention of the tissues with the likelihood of subsequent gangrene. 
This holds true particular!}- when closed spaces are involved, as, for 
example, when the fingers are affected. Late manifestations of extensive 
fibrosis and granulomatous lesions well beyond the area of original 
involvement are inevitable. It is therefore advisable to attempt removal 
of the oleoma even in those instances in which it is present as a 
symptomless nodule under the skin. 

Epithelial Cysts . — ^Yachnin and Summerill report an additional 
case of “traumatic” implantation of an epithelial cyst in the terminal 
phalanx of tire right fourth finger following a crushing injury^ with 
avulsion of the nail. Two years later pain appeared at the tip of the 
finger. Roentgen examination revealed a circular area of destruction 
in the cortex of the terminal phalanx. At operation a white mass was 
removed which revealed on microscopic examination a thin wall formed 
by stratified squamous epithelium surrounding a nest of keratin debris 

720. Yadinin, S. C, and Summerill, F.; Traumatic Implantation of Epithelial 
Cyst in Phalanx, T. A. M. 116:1215-1218 (March 22) 1941. 
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in the formation of which there was no parakeratosis. The stratum 
granulosum and the rete mucosum were tliick. The basal layer did not 
accompany these except in one place, where only a minute fragment 
was attached. The cyst apparently is the result of traumatic implanta- 
tion of epithelial cells and not of traumatic stimulation of growth of 
cells of congenital inclusion. 

Becker reports 2 similar cases of pavement epithelial C3'sts of the 
distal phalanges of fingers. In the first case an amputation of half of 
the distal phalanx was performed three weeks after the injury. At this 
time there was a fracture through a cj-st. Microscopic examination 
showed cystic areas lined with pavement epithelium. It appeared that 
the epithelial tissue was forced into the bone. However, no direct con- 
nection between the skin and the bone could be determined. A diag- 
nosis of traumatic epithelial cyst was made. In the second case the 
roentgen and the clinical appearance were somewhat similar, but the 
cyst was minute. There was a history of onl}'^ minor finger injuries. In 
this case a small white kernel was shelled out of the bone. The tumor 
was preponderantly epithelial tissue, and a diagnosis of epithelial tumor 
with marked degeneration was made. It was less definite^ from the 
skin than in the previous case. The writer cites 9 cases from the litera- 
ture. He inclines to a theory of traumatic origin, even though there 
is no definite history of injury. It is known that comparatively minor 
trauma suffices to introduce epithelial cysts into the soft parts. It is 
suggested that the history is sometimes inadequate to disclose the trauma 
causing the origin of the cyst. The author urges preoperative recogni- 
tion to avoid the necessity of partial amputation. [Ed. Note: A long 
interval between injury and discovery does not prove traumatic origin, 
but a short interval (three weeks) does exclude it.] 

Tendon Injuries . — ^The treatment of tendons in compound injuries 
of the hand is presented by Bunnell in his usual simple but master y 
fashion. Fine stainless steel wire is advocated instead of silk, which is 
the next best suture material for tendons. Various stitches are shown. 
A simple figure of eight stitch for primary suture of extensor tendons 
is used in connection with splinting. The deep loop unites the tendon 
ends and the superficial one the skin surfaces. The entire suture may 
be easily removed. It has no strength and depends on splinting for 
the relief of strain. A strong suture for interval repair buries the knot 
at a distance from the suture line. It has the disadvantage of leaving 
wire fragments in the tendon. These are less irritating physiologica y 
than silk but may cause some mechanical difficulty. A double right ang e 

721. Becker, F. : Pavement Epithelium of Bones of Fingers, Chirurg 12-275 
279 (May 1) 1940. 

722. Bunnell, S. : Treatment of Tendons in Compound Injuries, J. Bone & 
Joint Surg. 23:240-250 (April) 1941. 
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stitch may be used in cases in which there is no strain and in which 
infection is feared. It may be used in connection with a pull out wire. 

To obtain his goal of complete absence of suture material, Bunnell 
has devised the withdrawable tendon suture. 

.'Vfter a tendon is sutured, only the end of the tendon attached to the muscle 
exerts a pull. Therefore, the suture is spliced securely in this end, and the trvo 
ends are passed some distance down through the center of the distal tendon and 
on out through the skin. By pulling upon these sutures from the outside and 
anchoring them securelj', tlie proximal end can be drawn down until the tendon 
ends are held approximated. Only one tiny stitch of blood-vessel silk or hairlike 
wire is then necessarj- for exact approximation of the tendon ends. 

For tlie later withdrawal of the stitch a pull-out wire is left in place which 
will draw the stitch out backwards by its loop whenever the two stitch wires 
are cut. Both ends of the pull-out wire, after being placed through the loop of 
the stitch in the proximal tendon end, are threaded on a needle and passed up 
through the sheath some distance and out through the skin. The play of the wires 
tlirough the sheath will allow a little movement in the tendon without strain 
on the juncture. 

Tension is relieved by flexing the joints. The stitch wires can be anchored 
to the outside of tlie limb by passing them through adhesive plaster applied to the 
skin and then fastening tliem through a button, by “split shot” or to a loop of 
adhesive plaster over the end of the finger, or by tj'ing the wire ends through 
a perforation in tlie fingernail. If any resistance is encountered when withdrawing 
the stitch by the pull-out wire, tension may be applied by fastening a light rubber 
band to the wire. At the next dressing the stitch will be out. The bend of the 
pull-out wire, where it loops through the stitch, should be pinched sharp, so that 
it will not encircle tissue. 

[Ed. Note: The value of Bunnell’s contribution needs no comment. 
The entire article should be read carefully as there is not a word wasted. 
The illustrations are excellent; only his motion picture is superior in 
graphic teaching qualities.] 

An interesting suggestion with regard to flexor tendon injuries 
comes from Blum.-=^ He holds that one of the important adverse factors 
responsible for the poor results associated Muth division of flexor tendons 
is tension at the site of repair. He suggests open division of the muscle 
at the junction of the distal and middle thirds of the muscle to release 
this pull. About half of the thickness of the muscle is divided. This 
serves not onl}' to relieve tension but to supply an additional ^ inch 
(1.3 cm.) to the tendon in cases in wdiich this is necessar}'. In cases in 
which there is no shortening of the tendon, the increased length permits 
satisfactory splinting with less flexion. The cut in the muscle heals 
readil}’’ during the healing of the tendon. Two cases are submitted in 
which the procedure has been tried with success. 

723. Blum, L.: Partial Myotomy in Treatment of Divided Flexor Tendons; 
Two Cases, .\nn. Surg. 113:460-463 (ifarch) 1941. 
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Another ingenious suggestion comes from Bove.'-‘ In 4 cases he 
as tiansfixed divided flexor tendons in the Angers with fine wires 
ice tiose of Knschner. The wires arc incorporated in plaster to pre- 
vent the tendon ends from retracting. 

Fleischer-Hansen reports on the end results in 261 cases in 
wnci tiere were three hundred and eighty-seven tendon injuries. 

ere weie 256 cases in which there were compound tendon lesions; 
157 extensor tendons were affected as compared with 99 flexor tendons. 

it regard to function, the end results were good for 56 per cent and 
poor or 44 pei cent of the lesions of the extensor tendons, while for 
tie injuries of the flexor tendons onl}' 31 per cent of the end results 
were good and 69 per cent were poor. The best results were obtained 
in the cases in which tendon suture was done on the back of the hand, 
n cases of injury to the flexor tendons suture of the flexor pollicis 
ongus gave the best results. Simultaneous suture of several tendons 
to several fingers at once greatly lowered the percentage of good end 
resu ts, in only 10 per cent of the cases in which this was done were 
good end results obtained. 

The unsatisfactory results were blamed on certain anatomic and 
anatomicophysiologic factors, infection and deficient technic. It is 
recommended by the writer that all patients with injuries of the tendons 
e admitted to the hospital and not treated as outpatients. 

... records the late spontaneous rupture of the extensor 

polhcis longus tendon ten years after a Colies fracture, f Ed. Note : This 
IS certainly one of the longest intervals on record.] 

Phalangization. ^The method of Fieri of freeing and isolating the 
rs metacarpal bone in cases in which the thumb is missing is again 
brought to attention. Almasanu reports a case in which this treat- 
ment was successful. The operation was performed immediately after 
the accident which destroyed the thumb. The procedure is advocated 
Jn two artic es from Russia, Rogova^^® reports a case in which there 
was OSS of considerable of the last four metacai'pal bones with pre- 
servation o the first. Function was apparently well restored. 


153?94 fS’ ?) '194^”""^ Hand (Transfixation), M. Rcc. 

^kischcr-Hanson, C. C. : Lesions of Tendons and Their Prognosis witli 
77 /^ Function, Nord. med. (Hospitalstid.) 9:88-98 (Jan. 11) 1941. 

Yeirc Aft Rupture of Extensor Pollicis Longus Tendon Ten 

(Dec 11 M) Lower End of Radius; Case, Presse med. 48:1007-1008 

oA Fhalangization of First Metacarpal Bone: Case, Rev. dc 
ciiir., Bucurejti 43:807-809 (Nov.-Dcc.) 1940. 

1 1 :'l 50- 1^1^939 of First Metacarpal Bone, Khirurgiya 
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Sliirokov summarizes briefly the literature on operative replace- 
ment of the thumb. It is his opinion that Albrecht’s operation is the 
best to date. Tliis includes resection of the first dorsal interosseous 
muscle and transplantation of the insertion of the adductor pollicis 
muscle proximally. After anatomic studies and one preliminary opera- 
tion, he obtained a good result in 1 case in which he added to Albrecht’s 
technic b)'' extirpating all of the adductor pollids muscle except for tlie 
bundles of the oblique head which arise at the base of the second meta- 
carpal bone, on the capitate bone and on the radial portion of the volar 
ligament. He conserr’ed the point of attachment on the ulnar sesamoid 
bone. With this he combined resection of the medial portion of the 
abductor pollicis brevis muscle, the opponens pollicis muscle and the 
superficial head of the flexor brevis muscle. If the flexor pollicis longus 
muscle is not alread}* adherent to a stump of the basal phalanx, it 
should be transplanted to the distal end of the metacarpal bone. For 
this method the writer claims greater range of motion for the first 
metacarpal bone, greater power and better cosmetic effect. 

[Ed. Note : Although the cosmetic effect of this operation is obwously 
inferior to that of the more complicated plastic procedures, the present 
international conflict will give rise to hand stumps which may be well 
handled by this method.] 

Traumatic Edema . — Schorcher emphasizes the reflex effect on 
the lymph vessels as well as on the blood vessels of traumatic edema of 
the hand. One case is reported in which six operations on the sympathetic 
nervous S 3 ’stem failed. Improvement occurred after the introduction of 
silk suture drainage in the subcutaneous tissues from the hand to the 
middle of the forearm. With this procedure the edema disappeared 
within fourteen days. 

XIX. AMPUTATIONS, APPARATUS AND TECHNIC 

Amputations . — During tlie year of 1941 there has been a great deal 
of new literature pertaining to amputations and prostheses. The most 
important group of papers constitute chapters in a book to be published 
by the Council on Physical Therapy of the American Medical Asso- 
ciation written bj"^ particular!}' well qualified surgeons and a carefully 
chosen group of artificial limb makers. Three of these papers were men- 
tioned in last year’s article on “Progress in Orthopedic Surgery.’’ 

729. Shirokov, B. A.: Phalangization of First Metacarpal Bone in Plastic 
Restoration of Thumb; Anatomic Basis of Author’s Method, Khirurgi 3 ’a 11:115- 
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730. Schorcher: Traumatic Edema of the Hand, Beitr. z. klin. Chir. 171:176- 
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GalHe,''‘- writing from experience based on 2,448 amputations of the 
lower extremity with the Canadian Army and Pension Board, which has 
functioned since the first World War, extols the end-hearing slumps 
such as result from a Gritli-Stokcs or Symes amputation, which arc not 
recommended hy the British Ministry of Pensions. It is apparent that 
whereas these two amputations performed hy the experienced amputator 
most often give good results they do not give uniformly good results 
when performed in a large organization, such as the British Ministry 
of Pensions, in which many different and inexperienced surgeons do the 
actual operating. A good deal also depends on the artificial limb maker's 
cooperation in the proper fitting of the limb for the best functioning 
of the stump. 

Carnes also advocates the end-bearing stump. 

[Ed. Note; Others with less experience should not he criticized for 
performing the simpler operations which are attended more often by 
success hut which admittedly do not have the desirable end-bearing 
possibility.] 

A modification of the Callander operation is described hy Pearl. 
He thinks it is desirable because his results were far more satisfactory 
than with the use of the orthodox technic. [Ed. Note : In recent per- 
sonal communications to one of us (J. W. W.), one from a member 
of the group of Consultants on Artificial Limbs of the Council on 
Physical Therapy of the American Medical Association and another 
from an experienced member of the Canadian Army and Pension Board, 
the opinion is expressed that the more complicated technic in this 
operation does not justify itself when end results are compared with 
the classical long anterior-short posterior flap operation done under a 
tourniquet.] 

Maxeincr urges the employment of what he calls a temporary 
tourniquet amputation in cases of extreme shock in which grave doubt 
'exists relative to the patient's surviving the amputation of a hopelessly 
mutilated extremity. He employs several loops of “gum rubber tubing 
about the extremity at the lowest possible point at which the member 
must be sacrificed.” Infection and putrefaction of the damaged extremity 
are controlled by wrapping the part below the tourniquet in a 10 per 

732. Gallic, W. E. : The Experience of the Canadian Army and Pensions 
Board with Amputations of the Lower Extremity, Ann. Surg. 113:925-931 
(June) 1941. 

733. Carnes, E. H.; Amputations, Stumps and Prosthcscs, War Med. 1- 
650-663 (Sept.) 1941. 

734. Pearl, F. L.: Atraumatic Amputation Through the Lower Thigh (Cal- 
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Med. 24:401-402 (June) 1941. 
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cent formaldehyde dressing encased in rubber sheeting. [Ed. Note: 
One of us (J. W. sees no reason why the usual Esmarch rubber 
bandage which is ordinarily used in work on an extremity could not 
be employed. The only difference is the constricting of a small circum- 
ferential area rather tlian larger areas constricted by the wider band 
ordinarily employed. It is suggested that in addition to this dressing 
another wide rubber bandage be employed over the rubber sheeting to 
insure the doing away with the disagreeably pungent odor.] Assurance 
is given that the initial pain is overcome by morphine or otlier sedatives 
and that tliis subsides in a few hours anyhow and that recovery'' from 
shock is surprisingly rapid. The time for the actual amputation may 
be elected, and the surgeon “ma)' quite well wait a week.” It will 
ordinaril}’^ be found that the tourniquet has cut its way through all of 
the soft tissue and that practically only the bone needs to be severed to 
obtain a satisfactory guillotine amputation. 

The emploj’ment of refrigeration is advocated in a most important 
article by Allen reporting opinions, experiences and technic from a 
large vascular disturbance clinic. After an extremit}’ is thoroughly 
chilled to 5 C., it is found that amputations can be done painlessly and 
without shock. After chilling of the extremity with an ice bag technic 
described in detail, the amputation can be done unhurriedly at a point 
conveniently below the proximal level of chilling. A thorough discussion 
of the value of cold as a therapeutic agent, particularly, of course, with 
regard to diabetic and arteriosclerotic vascular disturbances, is given. 

• The more assured survival of distal portions of extremities in which the 
vascular supply has been seriouslj' diminished is claimed by the use 
of cold. The absence of heat diminishes the metabolic requirement to 
the amount of metabolism available and reacts more kindly than heat 
on the part affected. The use of cold in promoting healing in many 
other situations is discussed in a most con\dncing manner; this makes 
the article one that should be read carefully and thoughtfully in the 
original by all surgeons, particular!}" those operating on extremities. 
[Ed. Note: The value of heat as a therapeutic agent has long been 
stressed, and it is just as important to understand the significance and 
value of the other extreme of temperature.] 

McElvenny reports a case of trauma in which the principles of 
refrigeration as stated by Allen were employed most successfully prior 
to the amputation of both legs. 

736. .^llcn, F. M. : Reduced Temperatures in Surgerj’: Surgerj- of Limbs, 
Am. J. Surg. 52:225-237 (May) 1941. 

737. McElvenny, R. T.: The Effect of Cooling Traumatized and Potentially 
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A German article by Angerer reporting the satisfactory'’ functional 
results following amputations of the toes and even the metatarsal heads 
necessitated by exposure to cold is reviewed. This suggests that there 
may be an overemphasis on the amount of disability^ to be expected from 
such operations. 

A Spanish surgeon, Cotta dos Santos/^" calls attention to the value of 
astragalectomy for the equinus deformities following Chopart’s amputa- 
tions (he calls it equinismus). [Ed. Note; It is believed by one of us 
(J- W. W.) that if astragalectomy^ is to be considered as a retouching 
secondary procedure, this is a valuable article to emphasize the unsatis- 
factory results ordinarily to be expected from amputations of the fore- 
foot.] 

An excellent brief history of amputations from the time of Hip- 
pocrates to the first World War is given by Carnes,'®® who discusses 
at length various important points already adequately stressed but all 
worth while reviewing. This is the only article in which cinematic 
amputations are mentioned, but they are spoken of rather unenthusi- 
astically. It is stated that the results are not much better than with 
conventional methods. [Ed. Note: It is obvious that the technicalities 
of this operation confine its employment to the ultraspecialized surgeon 
and certainly do not permit it to be done by the occasional amputator.j 

In the chapter on reasons for reamputations and secondary oper- 
ations in the report of the Council on Physical Therapy of the American 
Medical Association on amputations, the principal cause is given as 
too much length. Others of less importance are: sloughing or ulceration, 
over the end of the stump, osteomyelitis or aseptic necrosis of the end 
of the bone, neuroma and finally neurosis. It was found that true 
malingering as a reason for reamputation is rare. 

In another chapter it is pointed out that surgeons frequently are 
too loath to amputate and that not enough regard is paid the patient’s 
desires in this matter. 

Brittain,'^- an English surgeon, calls attention to the advantage of 
performing some amputations in bed on seriously ill patients in order 
to facilitate the carrying out of intravenous procedures. [Ed. Note: 


738. Angerer, H. : Physical Efficiency of Mountaineers After Loss of Lower 
E.xtremities, Zentralbl. f. Chir. 67:2250-2251 (Nov. 30) 1940. 

739. Cotta dos Santos, H. : Value of Ricard Amputation Operation in Crush- 
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This is a reasonable common sense article which calls attention to a 
point possibly not frequently enough considered. There is nothing par- 
ticularly unusual about the technic suggested except possibly its urging 
a thorough rehearsal before performing the amputation.] 

I\Iohs, Sevringhaus and Schmidt have collaborated in an article 
advocating consen’ative amputations of gangrenous parts by fixing them 
with a twenty-four hour exposure to a zinc chloride paste; after this, 
if separation of fixed tissue has occurred, amputation is done with a 
scalpel and a bone rongeur. This sometimes takes several days. It is 
claimed that b}" this method freshty cut surfaces are avoided and the 
spread of infection is discouraged. 

Willis and Teitelman describe an interesting amputation technic 
in which after the shaping of an anterior flap a flat band retractor is passed 
posterior to the femoral shaft at the point of planned amputation and 
the posterior flap is fashioned in an unhurried manner, pressure being 
exerted on the uncut tissues against an underl 3 dng sterilized cork block. 
The retractor itself serves as a most satisfactory protector of the under- 
lying tissues when the bone is sawed. Tbe vessels and the nerves are 
easily identified and taken care of. [Ed. Note: The chief but question- 
able advantage of this technic is the avoidance of a tourniquet, but it is 
feared that there would be a temptation to leave too long a posterior 
flap.] 

In 1941 two articles on interscapulothoracic amputation and one on 
interinnominoabdominal amputation appeared. No particularl}' new 
points have been brought out, but in Strode and Fennel’s article the 
most frequent indication for such a heroic surgical procedure is given 
as the presence of a relativel}" benign radioresistant tumor that cannot 
be widely enough excised locally, in other words a tumor that is locally 
malignant owing to its anatomic location and not to its morphologic 
composition. The authors report 2. cases in which interscapulothoracic 
amputation was done. One was a case of metastatic carcinoma, and the 
other, of primar}' sarcoma. The patients have sur^dved, one fifteen }-ears 
and the other two years. Montant and Perrier report a patient vdth 
metastasis of hypernephroma to the right humerus who had an inter- 

743. Mohs, F. E. ; Sevringhaus, E, L., and Schmidt, E. R. ; Conservative 
.■imputation of Gangrenous Farts by Chemosurgery, .A.nn. Surg. 114:274-282 
(Aug.) 1941. 

744. Willis, D. A., and Teitelman, S. L. : Simplified Technic for Amputa- 
tion Through Thigh, Surgcrj- 10:633-635 (Oct.) 1941. 

745. Strode, J. E., and Fennel, E. .-i.: Treatment of Tumors of Shoulder 
Region by Interscapulothoracic Amputation, Surgerj- 9:394-402 (March) 1941. 

746. Montant, R., and Perrier, C. : Interscapulothoracic Disarticulation for 
Metastasis of Hypernephroma to Right Humerus: Secondarj- Nephrectomy, 
Rev. m6d. de la Suisse Rom. 61:170-175 (March 251 1941. 
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scapulothoracic amputation performed and later survived a nephrectomy 
by which the tumor was identified. It is admitted that had this tumor 
been recognized before operation, the extensive amputation operation 
would not have been performed. Sclig '■'* gives the history of a patient on 
whom an interinnominoabdominal amputation was done for a Ewing 
tumor near the trochanter ; the patient lived forty-five days after 
operation. 

Artificial Limbs . — Five articles on artificial limbs describe such 
specialized points as the character of sockets, a pneumatic knee joint 
control arrangement admittedly noisy and lightness in weight. The 
Council on Physical Therapy of the American Medical Association ‘ 
has a most excellent article discussing the industry itself, materials and 
construction. A new knee joint lock is mentioned which locks m 
extension when weight is borne on the heel and unlocks when weight is 
borne on the toe. 

Braces . — As a by-product of the postoperative treatment of cup 
arthroplasties of the hip, Tobin has assembled an anterior ring 
Thomas splint, with a Pearson attachment, which permits a good range 
of motion of both hip and knee while traction is being maintained. 

Apparatus . — Two goniometers have been described. The one 
described by Cooper incorporates a fixed horizontal limb, employing 
a level which facilitates the measuring of joint angles from the horizontal 
position. The one described by Molander includes the use of charts 
on which ranges of motion are recorded for the various joints, rubber 
stamps being employed to represent the different parts. Both are of 
value in cases in which more detailed records than usual are needed. 

Krusen has devised a custom-built heating cup for applying 
uniform heat to the shoulder. This consists of a covering made of 
electrical conducting material similar to that employed in heating deep 
sea diving suits. The axillary space is covered as well as all other areas 
of the shoulder. 

747. Selig, S.; Interinnomino-Abdominal (Hindquarter) Amputation, J- 
Bone & Joint Surg. 23:929-934 (Oct.) 1941. 

748. Manufacture of Artificial Limbs, Council on Physical Therapy, J. A. M. A. 
117:1441-1445 (Oct 25) 1941. 

749. Tobin, W. J. : Splint to Increase Hip and Knee Motion, J. Bone & 
Joint Surg. 23:712-713, (July) 1941. 

/50. Cooper, \V. : Simplified Arthrometer, Ann. Surg. 114:316-317 (Aug.) 
1941. 

751. Molander, C. O., and Weinmann, B.; New Chart System for Recording 
Joint Measurements, Physiotherapy Rev. 21:88-90 (March- April) 1941. 

7^2. Krusen, F. H.: New Conductive Heating Device to Provide Uniform 
Heating of Periarticular Structures of Shoulder Joint, Proc. Staff Meet., Mayo 
Clin. 16:328-329 (May 21) 1941. 
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Schneider describes an adjustable osteoclast which permits pres- 
sure to be applied with great accurac)' and a minimum of trauma and 
which is arranged so that it can be radiographicall}" controlled. The 
apparatus is complicated, and the interested reader is referred to the 
original article for further detailed information and illustrations. 

A crutch of simple design which extends only to the elbow and 
obviates the possibilit}' of crutch paralysis is described by zur Verth."®* 
This idea is not new, but it is believed that if information on this type 
of crutclr were more generally available, its use would be more wide- 
spread. 

Surgical Instruments. — Lyon, Cochran and Smith have written 
an article which should be read in the original by those using bone 
screws. Important experimental work is reported to substantiate the 
recommendations regarding the selection of the proper type of screw. 
Original determinations to ascertain the proper drill size for the screws 
tested are presented. The importance of using a screw with a coarse 
thread rather than one with a machine thread is emphasized. The 
tapering character of the usual wood screw is deprecated. [Ed. Note; 
This is a most excellent article.] 

The new, justly popular Luck electric bone saw and drill is described 
by its designer in an excellently written article.'®® Its various advan- 
tages, such as complete, eas}' sterilizability, light weight, key chuck and 
twin speed, are mentioned. [Ed. Note: One of us (J. W. W.) has 
used this bone saw constantly for many months and finds that its claims 
are not overstated and that it can certainly be recommended.] 

For the purpose of obtaining osteoperiosteal grafts of uniform 
thickness from the face of the tibia. Bums has designed a chisel with 
a guard ; this causes it to function as a plane and prevents the removal 
of more than a thickness of 3/16 inch (0.48 cm.) of the cortex. [Ed. 
Note: One of us (J. W. W.) used this type of instrument several 3 'ears 
ago and finallj'^ gave it up because most tibias are too hard and the cut- 
ting edge of the chisel would not continue to bite evenly but would 
jump out frequentty.] 

753. Schneider, J. : Universal Osteoclast for Medical and Terminal Osteo- 
clasis and Correction, .Arch. f. orthop. 11 . Unfall-Chir. 40:492-494, 1940. 

754. zur Verth, M. : A New Type of Crutch, Jahresk. f. arztl. Fortbild. 
31:16-17 (Dec.) 1940. 

755. Lyon, W. F. ; Cochran, J. R., and Smith, L. : Actual Holding Power 
of Various Screws in Bone, .Ann. Surg. 114:376-384 (Sept.) 1941. 

756. Luck, J. V.; Electric Bone Saw and Drill, Am. J. Surg. 54:505-507, 
(Nov.) 1941. 

757. Bums, R. E. : Osteoperiosteal QiiscI, T. Bone 5: Joint Surg. 23:384- 
385 (ApriD 1941. 
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Plaster Cast Technic . — Many new publications on plaster cast technic 
have appeared. The most important is an English article by Creer,* 
who discusses in detail the making of a standard pattern of plaster- 
incorporated crinoline to assist in the rapid application of spica casts to 
the hip. Three different sections of the spica cast, namely, a posterior 
body piece, an anterior body piece and a leg piece, are made, each being 
seven or eight layers thick and of a size to fit the particular patient. 
When applied, there is ample overlap, and the entire cast is fixed with 
a few plaster bandages. Although this idea is not new, more detail 
is given in this article than usual, and its use should cut several minutes 
off the time employed for the application of a spica cast after an opera- 
tion. [Ed. Note; A thorough study of the original article is recom- 


mended.] 

Sullivan emphasizes once more the value of extensive cast 
immobilization in the treatment of wounds in the extremities, calling 
attention to the success of the Orr-Trueta method in cases in which 


this is the prime factor. 

It is feared that except on board ship or in a clinic closely associated 
with a machine shop the admittedly advantageous knee action shock- 
absorbing walking iron for a plaster cast devised by a machinist’s mate 
in the United States Navy, Ferrell,’'®® would be seldom manufacture 
The ordinary rubber-covered metal stirrup, while not as comfortab e, 
takes less room than the de luxe one pictured in the original article. 
The apparatus consists of two springy weight-bearing surfaces attache 
to the bottom of a cast. 

Internal Fixation . — Six worth while papers discussing the use of 
metals in the internal fixation of bone show that the issue is still a live 
one, but it looks as though vitallium products are gradually 
supplanted by the less expensive, tougher and more generally usa e 
stainless steel products. 

Key calls attention to the value of the 18-8 S-MO stainless steel, 
which appears after extensive tests to be as nonirritating as vitalhum, 
and recommends that articles made from it be standardized by the 
Fracture Committee of the American College of Surgeons and be 
properly marked for the protection of the surgeon. 

758. Creer, W. S. ; Standard Pattern for Hip Spica, Lancet 1:9-10 (Jan. 4) 
1941. 

759. Sullivan, J. E. : Immobilization in Treatment of Wounds of Extrem 
ities, S. Qin. North America 21:571-576 (April) 1941. 

760. Ferrell, B. E. : Walking Appliance for Plaster Casts, U. S. Nav. M- 
Bull. 39:413-415 (July) 1941. 

761. Key, J. A.: Stainless Steel and Vitallium in Internal Fixation of Bone. 
Comparison, .^rch. Surg. 43:615-626 (Oct.) 1941. 
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Campbell, Meirowsky and Hyde report on the toxicity of various 
alloys and metals, including ticonium (an allo}" made up of nickel, 
cobalt, chromium and molybdenum, with a small amount of beryllium 
if it is to be cast), on fibroblast cultures. They have found that gold, 
silver, ticonium, vitallium and stainless steel are nontoxic while vana- 
dium and copper are highly cjdotoxic. [Ed. Note : The authors unfor- 
tunately do not differentiate between the tj-pes of stainless steel, and 
this detracts considerably from the value of the article.] 

Venable and Stuck call attention to improvements in the strength 
and the flexibilit}' of the new vitallium products made after the formula 
for vitallium was changed because the original metal was too brittle. 
They claim that the tensile strength of nails, screws or plates is unim- 
portant. [Ed. Note: This is a statement which is difficult to under- 
stand.] They advise the use of a wood or coach type of screw which 
does not taper except at its tip and suggest that the drill hole must 
be made the same size as the shank of the screw. [Ed. Note: One of 
us (J. W. W.) believes that the size of the drill hole should varj" with 
the density of the bone. In cancellous bone, a screw will hold much 
more securely if the drill hole is just small enough to allow the screw 
to be driven in with a reasonable amount of resistance but without the 
risk of twisting off the head.] The proper technic of inserting the screws 
is described, and the special need of proficiency in this exact and 
important t3-pe of craftsmanship is well stressed. 

For internal fixation of fractures of the femoral neck Lorenzo 
advocates the use of a rather complicated-looking lag screw arrange- 
ment requiring special but simple equipment for its insertion. Its 
particular merit seems to be that it produces positive pressure between 
the bone surfaces at the site of the fracture. [Ed. Note: The chance 
that the bone surfaces may be held apart when the usual physiologic bone 
absorption at the fracture surface during repair occurs is not mentioned. 
Some of the author’s illustrations which show the guide wire penetrating 
the floor of the acetabulum should be more carefully explained, as they 
certainly do not create a favorable impression. His advice to wait 
four or five daj^s before fixation to allow shock to subside is open to 
question. It is the belief of most surgeons who employ hip nailing 
that earh' fixation is desirable to make the patient more comfortable 

762. Campbell, E. ; Meirowsky, A., and Hyde. G.; Studies on the Use of 
^tetals in Surgery ; Comparative Determinations of Crtotoxicity of Certain 
Metals (Including Ticonium) in Fibroblast Culture, .^nn. Surg. 114:472-479 
(Sept.) 1941. 

763. Venable, C. S., and Stuck, \V. G. : Three Years’ Experience with Vital- 
lium in Bone Surgery. Ann. Surg. 114:309-315 (.\ug.) 1941. 

764. Lorenzo, F. A. : Molybdenum Steel I-ag Screw in Intcm.il Fi.xation 
of Fractured Xcck of Femur, Surg.. Grticc. & Obst. 73:9'^-104 (Tulyt 1941. 
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as soon as possible. This t 3 -pe of injury, wliile it is ordinarily extremely 
painful, IS not usually associated with shock.] 

New Opci ations. Albee has reported an interesting bone-driliing 

treatment of chronic ulcers in the lower part 
o t e eg. ealing^ of ulcers that have responded to nothing else is 
reporte m two thirds of all cases. No infection was encountered 
a ougi tie drill passed through the infected ulcers into the medullary 
ca'inty. [ d. Note. One wonders whether the improved care and the 
ac 0 weight bearing might not have been a contributing factor. The 
ea pre^nted certainly has a great deal of merit and is apparently safe.] 
j using vitallium caps on animal and human 

j insure the return of rotation. The author hopes by using ' 
us met 0 ^ to shorten the convalescence after excision of radial heads 
an to avoid trouble with the distal radioulnar joint so common in 
rases m which excision of the radial head has been necessitated. [Ed. 
^ote: The subject is most interesting but as the author admits is in 
t le experimental stage. Further reports will be aivaited.] 

As advocated so extensively by Bunnell, the use of silver wire as 
a suture in secondary wound closure is urged by Payr.'^®^ Attention is 
ca e to t e fact that the wire itself is an antiseptic and that if condi- 
tions require a stitch may be released by unhvisting a wire. 

oontz and Shackelford in a series of experiments on dogs have 
emonstrated that alcohol-preserved fascia and living fascia give the 
same results when used as a bone suture. [Ed. Note: This does not 
seem reasonable, and it is hoped that this work will be checked by 

appears to be at variance with generally accepted 


_ Equahsatwn of Length of Legs.— In an excellent article Moore 
rings up to date the present status of leg-lengthening operations. He 
reviews critically the cases of 19 patients operated on in the last twelve 
} ears who have reached growth maturity. With regard to gait, only 6 are 
consi ^red to have been improved ; nine were not improved, and 4 
uere ma e definitely worse. The author considers that weak hip mus- 


• Drilling in Resistant Chronic Ulcers: New Prin- 

ciple, Am. J. Surg. 54:605-608 (Dec.) 1941. 

f Caps (Vitallium) for Head of Radius, Surg., Gynec. 

& Obst. 73:845-850 (Dec.) 1941. 

■'^^vantages of Silver Wire Suture in Wound Closure Com- 

Chir Suture and Plaster Strapping, Zentralbl. f. 

Chir. 67:1958-1961 (Oct. 19) 1940. 

- L. R., and Shackelford, R. T. : Comparative Results in Use 

^0^ (April)”]94i*^*^^'^'^^^ Fascia as Suture Material in Bone, Surgery 9:493- 

769. ^foore, B. H. : Critical Appraisal of Leg Lengthening Operation, Am. 
T. Surg. 52:415-423 (June) 1941. 
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cles and a iveak quadriceps muscle account for most of the less satis- 
factorj' results. There ^vere no cases of nonunion; infection of slight 
degree was observed in 1 case, and temporar}^ nen^e involvement was 
present in 2 cases. [Ed. Note: This is an excellent summarj^ of a 
hazardous surgical procedure that was at one time popular. It is well 
worth reading by the young enthusiastic surgeon contemplating a 
tibia-lengthening operation.] 

Kofmann has published a rather brief discussion of the various 
bone-shortening operations. He mentions various procedures, includ- 
ing his own autosynostosis operation, which consists of cutting a gen- 
erous curs^ed section apparently out of the lateral side of the shaft of 
the bone before transverse osteotomy across the shaft at the narrowest 
portion of this curv^e. He thus produces two pointed ends, one of 
which is slipped into the medullary cavity of the other. He emphasizes 
the simplicity of his technic and calls attention to the value of the 
shortening procedure in cases of finger contracture, manus vara, Volk- 
raann’s contracture and growth deformity. [Ed. Note; The author 
unfortunately devotes little space to the details of the technic he has 
proposed.] 

Harmon and Krigsten discuss the surgical treatment of discrepan- 
cies of leg length. They emphasize the epiphysial arrest procedure on 
account of its simplicity, stressing, however, the need of accurate calcula- 
tion, particularly as to which epiphysis is to be operated on and when dur- 
jjig- period of growth the operation should be done. They sound a note 
also relative to the formidability of the leg-lengthening procedure which 
they consider much more hazardous than the shortening technic. Thej- 
quote various authors who have studied the proportionate growth of the 
epiphyses of the lower extremities. They consider the growth to be 
approximately as follows; 12 per cent upper femoral; 40 per cent 
lower femoral ; 28 per cent upper tibial, and 20 per cent lower tibial. 
[Ed Note • These figures seem reasonable and safe enough to be relied 
on in calculation. Exception might be taken to the statement that "leg 
shortening is the most exact and frequently indicated operation m . . . 
adotofe ” After mature study one of us (J. W. W.) feels that during 
the adolescent growing period the growth arrest operation is the more 
certain, especially in view of the fact that the amount of growth stimu- 
lation associated with the shortening procedure is difficult to predict 
Sometimes a net gain of only 50 per cent of the actual amount shortened 

can be finally recorded.] 


— „ T- r „ c • Autocvnostosis .as Simple Method of Shortening the 

//O. Kofmann. S.* ♦ rT-in > 1^41 

Bone, T. Bone & Joint S«r& .SiloP-iei f . • ' ' 

" ' TT Kric«tcn. Sursicnl Treatment o: Tee 

771. Harmon. P- H -and Knp-tc 
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Two articles on the effect of roentgen irradiation on the epiphysis or, 
more accurately, the metaph 3 'sis [Ed. Note : This term does not yet 
seem to be in common usage.] appeared during 1941. Judy"- reports 
that small doses of roentgen radiation to the metaphysis apparently do 
not stimulate growth. An unsuccessful attempt was made to retard 
growth of the long leg in a child by fractional roentgen doses. Suffi- 
cient retardation was produced in 4 children to result in the appearance 
of definite transverse growth lines, but not enough was obtained to be 
of any practical use. This paper is a preliminary report only, and further 
experimentation with larger doses is to be done on animals. 

Spangler reported also the cases of 4 children in whom early 
closure of the epiphysis was attempted by fractional roentgen doses 
without definite success. The author admits that the treatments were 
given with “fear and trembling” and that the subject is still decidedly 
in the experimental stage. 

[Ed. Note; One of us (J. W. W.) was associated with Dr. Judy 
in his work. While it is believed definitely that sooner or later arrest 
of growth will be accomplished by roentgen irradiation, at present the 
factor of safety between serious soft tissue damage and effective expos- 
ure is too narrow. More definite information must be obtained by animal 
experimentation before further work on children can be attempted.] 

XX. KESEARCH 

Bone Growth, Repair and Metabolism . — A considerable amount of 
experimental work regarding bone growth, repair and metabolism has 
been reported in the literature of 1941. The subjects investigated cover 
a wide range of interest and are rather loosely connected. Therefore, no 
attempt will be made to indicate by a blanket statement the degree of 
progress attained in any one direction. 

Vitamins and Bone Formation . — ^Roche and Marcelet state that the 
long bones and the flat bones present a different sensitirdt}' to the action 
of vitamin D on disturbed alimentary factors. Only the long bones 
calcify normally when the diet is unbalanced in the course of growth , 
the flat bones present a marked demineralization persisting even to adult 
life. On the contrary, an abundant intake of balanced salts permits the 

772 . Judy, W. S.; Attempt to Correct Asymmetry in Leg Length by Roent- 
gen Irradiation; Preliminary Report, Am. J. Roentgenol. 46:237-240 (Aug.) 
1941. 

773. Spangler, D, ; Effect of X-Ray Therapy for Closure of Epiphyses (>a 
Correction of Asymmetry in Leg Length) ; Preliminary Report, Radiology 37. 
310-315 (Sept.) 1941. 

//4. Roche, J., and Ivlarcelet, Y. : Comparative Sensitivity of Long Bones and 
Flat Bones to Action of Vitamin D and to That of Alimentary Saline (Calcium 
and Phosphorus) Disequilibrium, Compt. rend. Soc. de biol. 134 : 280 - 282 , 1940. 
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organization of fundamental osseous tissue and of phosphocalcific 
reserves, even in the absence of vitamin D, in the long bones, while the 
important deposition of salts in the flat bones takes place only in the 
presence of vitamin D. It appears, therefore, that the long bones fix salts 
preferentially as compared with the flat bones. The fact that this tropism 
of the long bones is much more marked in young animals suggests the 
hypothesis that endochondral ossification participates more actively than 
membranous ossification ; the great affinity of conjugating cartilage for 
salts seems to support this view. 

The authors state that Sherman, Stiebeling and Fischmann have 
demonstrated that the role of vitamin D in ossification is important on 
the one hand because of its action in the absorption of salts carried by the 
diet and on the other hand because of its action in the organization of 
fundamental osseous tissue. The first action manifests itself equally 
in PTowinsf animals and in adult animals, while the second can be effec- 
tive only before the growth of the skeleton is completed. 

Llellanby reports experiments with 3 'oung dogs to determine the 
effect of vitamin A deficiency on the growth of bone. In previous pub- 
lications he has presented evidence of the widespread degeneration of the 
central and the peripheral nen^ous system, especially in young animals 
brought up on diets deficient in vitamin A and carotene and rich in 
cereals. 

All or nearly all bones in the body are affected by these vitamin 
A-deficient diets, but thi.<= report deals mainly with the gross changes in 
the bones of the skull and of the vertebral column and the effect which 
these changes have on the nerv'ous system. 

If the administration of the special diets is started when puppies are 
6 to 9 weeks of age, the animals’ incoordination of movement and other 
signs of abnormal behavior and appearance de^ eIop tuo to four months 
later, and after four months the abnormalitj- maj be great. In full} 
grown animals, on the other hand, although vitamin A deficiency affects 
bone structure, the action is slow, and many months or even a }ear or 
more may be required to produce noticeable changes. 

A comparison of mesial sagittal surfaces of die skull of 2 litter mates, 
one of which had a diet containing much vitamin A and the other a diet 
deficient in the vitamin, shows some of the regions which are especially 
subject to overgrowth of bone. The bones showing the most overgrowth 
are those surrounding the cerebellum, the medulla oblongata and the pons 
varolii. In particular all parts of the occipital bone are greatly enlarged. 
Passing forward, the parietal bone is also much thickened in its posterior 


775. Mellanbv, E.: Skeletal Qtanges Affecting 
Young Dogs by Diets Deficient in Vitamin J. Physiol. j fjune .0) 


1941. 
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pait, but this thickening becomes less as it approaches the frontal bone. 
The effect of this ovcrgro\Yth is to press on the cerebellum and the 
medulla and alter their shape. The cerebellum is flattened on its dorsal 
surface, and its posterior surface is indented just above the foramen 
magnum. The medulla is similar!}' compressed, and the fourth ventricle 
and the aqueduct of S}dvius are narrowed and reduced in capacity. 

The kind of differences observed in the shape and the texture of the 
bones of the skull of normal and vitamin A— deficient dogs can be seen 
also in the bones of the vertebral column. All the normallv clearcut out- 
line of the vertebrae disappears in the vitamin A-deficient animals. 
There seems to be little or no increase in the over-all dimensions of each 
veitebra, but all the processes, including the arches and the articular 
processes, are thickened to a greater or a lesser extent. 

Gross sections of the femoral shafts were studied to determine the 
histologic changes occurring in vitamin A— deficient animals. There was 
a reduction in the diameter of the marrow cavity owing to an invasion of 
this cavity by cancellous bone. 

The actual bone formed in the vitamin A-deficient animal is probably 
not far removed in character from normal bone. There is no demonstra- 
ble increase in osteoid tissue. It is the gross arrangement of the bone 
which is so strikingly changed. It is probable, therefore, that the main 
effect of vitamin A on bone growth is to control the activity and the 
numbei of osteoblasts and osteoclasts, primarily those associated with 
the bone marrow but also to a lesser degree the same cells in the sub- 
periosteal region. In the absence of the vitamin these cells become more 
active, but the change seems to be one only in intensity of cell activity 
but not in the function of the cells. 

In the presence of vitamin A deficiency chemical examinations show 
that there is practically no change in the actual amount of calcium in the 
bones but that there is an increase in the fat content of the bones. 
[Ed. Note: This is an extremely valuable and interesting study. It 
should stimulate further investigations in this field of research.] 

Epiphyses and Bone Growth . — In investigations on epiphysial growth, 
Iiigalls ‘ has selected the tibial epiphysis of albino rats receiving an 
adequate diet of cereals, minerals and vitamins for study. A new metltod 
of taking roentgenograms of the knee with the tube directly over the 
joint and with the use of dental film has been found to give sharper 
details, especially when the bone is denuded of soft parts. Some bones 
were impregnated with silver; this gir^es sharp contrasts in the roentgen- 
ograms. The author describes a modification of the Goworsi method of 
preparation of tissue sections. The anatomy of the epiphysial plate 

776. Ingalls, T. H.; Epiphyseal Growth: Normal Sequence of Events at 
Epiphyseal Plate. Endocrinology 29:710-719 (Nov.) 1941. 
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is reviewed. The following factors influencing growth are mentioned: 
nutritional (calcium, phosphorus, vitamins D and C) : endocrine (pitui- 
tary, thyroid, parathyroid, sex gland), and toxic (lead, phosphorus, bis- 
muth, fluorine). Disturbances of any of these factors register changes 
within a few days at the epiphyses, and the diagnosis (e. g.. scunw, 
rickets, lead and phosphorus poisoning) can be made by the histologist 
and roentgenologist. 

Ingalls summarizes briefly: The cartilage is composed of germinal, 
proliferating and degenerating layers. The metaphysis is composed of 
a rind of new bone laid down by osteoblasts around the calcified matrix 
of degenerated cartilage cells. In the interstices of the metaphysis are 
capillaries, osteoblasts and osteoclasts, developing and remodeling the 
true bone. Calcium depositions have been demonstrated in both the 
longitudinal and the transverse septums of the matrix of the degenerating 
cartilage cells. [Ed. Note: Some authors have prew'ously concluded 
that calcium salts are deposited onl}’’ in the longitudinal septums.] The 
deposition of calcium salts in the ground substance appears to follow 
the death of the cartilage cells. 

Ingalls and Hayes have studied the effect of removal of adrenal 
and pituitary glands on the epiphysis of young rats. There was found 
to be an absence or inhibition of metaph} sial bone formation. There was 
a decrease in the number of osteoblasts and in the amount of osteoid 
material present. These features are not the same as those recorded by 
some authors, namely, “features exactly analogous to those exhibited at 
the end of the normal growth period. The authors believe that there 
is widespread atrophy of the cartilage and the primarj- spongiosa and 
that there occurs halisteresis of the whole bone which is distincth- 


pathologic. 

Banks and Compere have performed experiments on rats and on 
rabbits to study the effect of injurj^ to the epiph 3 -sia] cartilage on bone 
growth and to confirm or disprove Selyes theory tfiat “the growth of 
very young bones is largely independent both o the pituitary gro;vth 
hormone and of the derivatives of epiphyseal cartilage anlage." Various 
gradations of damage were done to the epiphyses and he cartilage plates. 
The results of these investigaUons largely refu e ^ theory- of Selye. It 
was demonstrated: (1) that in resection o a cm la o the epiphysis 
the resected portions are not restored and the Ion itudmal growth of the 
epiphysis is arrested and (2) that if Plate is 

injured or resected the longitudinal grovth oi Jiait is either partly 

or completelv arrested. 

of Adrenal and P!tmtar>- Gl.ands on u. . -J..20-,24 


of Adrenal and P!tiiitar>- Gl.ands on 
(Nov.) 19-41. 

7;S. Banks. S. W.. 10- • n.r.l I'^^l 

Experimental Study, .'kon. Surer. 


Kccrnt-r.-.I: 


rrali.-n <■■■ Ri ii'k) -ral CsrtiU. 
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Siegling proves mosl conclusively that no growth in length of bone 
occurs from the epiphysial cartilage side of the epiphysis. Growth in the 
epiphysis takes place solely from endochondral ossification. This is sub- 
stantiated by the concentric growth contours in the epiphyses of children 
who have had severe illnesses which seem to start at one end of the 
epiphysial line and end at the other. [Ed. Note: This is an excellent 
article.] 

Aries states that textbooks of histology and embryology have to 
the present described longitudinal growth of bone as taking place by 
apposition at the diaphysial side of the epiphysial plate in the form 
of lines paralleling the epiphysial plate. Aries has given injections of 
alizarin red to 52 albino rats and killed them at intenmls. The growth 
lines showed that longitudinal growth of long bones takes place in the 
form of superimposed serial cones within the diaphysial portion of the 
shaft, the bases of which are the epiphysial plate at any one given time. 
The periosteum deposits bone on the circumference of the shaft only and 
does not contribute to longitudinal growth. The distal end of the femur 
grows faster than the proximal end. The longitudinal growth and the 
growth in width follow a growth gradient which diminishes with age. 

The irregularity in bone structure of rapidly growing epiphyses, 
particularly about the knee, seen in children in the early walking age is 
discussed by Sontag and Pyle,"®’- They cal] this condition “disseminated 
calcification.” The authors feel that it is influenced by thyroid function 
but give no satisfactory explanation to justify this belief. When it 
appears in other epiphyses during the second year of life or a little 
before, it is frequently considered unjustifiably as a pathologic process. 
It seems to be associated wdth early weight bearing. [Ed. Note: Many 
who have seen this condition and have been somewhat at a loss to explain 
it will be enlightened by this article and especially by the statement 
that “it is a normal occurrence in rapidly developing epiphyses an 
indicates no pathology, being solely a maturational and growth factor. J 

Stammel ^®^ describes two cases of multiple striae parallel to the 
epiphyses in the alae of the ilia. In the skulls of these patients the base 
appeared sclerotic ; the bodies of the vertebrae were sharply outlined, an 
within the bodies were found contours of smaller well shaped bodies. In 

779 . Siegling, J. A.; Growth of Epiphyses, J. Bone & Joint Surg. 23,23 36 
(Jan.) 1941. 

780. Aries, L. J. : Experimental Analysis of Growth Pattern and Rates of J’P ^ 
sitional and Longitudinal Growth in Rat Femur, Surg., Gynec. & Obst. 72:679- 
(April) 1941. 

781. Sontag, L. W., and Pyle, S. I,: Variations in Calcification Pattern m 
Epiphyses: Nature and Significance, Am. J. Roentgenol. 45:50-54 (Jan.) 19 • 

782. Stammel, C. A. ; Multiple Striae Parallel to Epiphyses and Ring Sha ow 
.Around Bone Growth Centers, .Am. J. Roentgenol. 46:497-505 (Oct.) 1941. 
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the lower third of both femurs there was a definite fusiform swelling and 
man}' transverse bands parallel to the epiph 3 'sis. The head of the fibula 
showed similar striations. The scaphoid, the third cuneiform and the 
cuboid bone showed similar markings, but the other tarsal bones were 
negative. Both cases were similar in every respect except that in 1 there 
were striations of some of the teeth. 

Stammel concludes that something occurred during the period of rapid 
growth of the bones involved that caused temporar}' dela}' or cessation 
of growth. The most probable condition that may cause this is 
une.xplained periods of thyroid hypofunction. Repeated mild unrecog- 
nized attacks of scurfy may also be a plausible e.xplanation. Also, it is 
possible that as children the patients ma}' have ingested enough lead or 
other metal to be deposited in the bones but not enough to cause severe 
S}TTiptoms. 

Lastly, it is not improbable that the condition may have been at}'pical 
mild undeveloped Albers-Schonberg disease, even though there was no 
tendency to fractures and no alteration in the blood picture in either case. 

Ossification Centers . — Bruce surveys the time and the order of 

appearance of ossification centers and their development in a series of 
embr^'onic rabbit skulls. The embryos were taken at inten'als during 
gestation, beginning at sixteen days, two hours after copulation and 
extending to birth at thirty days. The method consisted of placing 
etnbiy'os after removal from the uterus in solution of potassium hydro.xide 
long enough to soften the skin and the flesh. The writer states that if 
the embryo has been left in solution of potassium hydro.xide for just the 
right length of time the skin becomes elastic and may be pulled off with- 
out injury to the bones. She concludes her study by observing that new 
ossification centers cover a period of twelve days from the sixteenth 
day, when the mandible appears, to the twenty-eighth day, when the 
petrous portion of the temporal complex starts to ossify. Ossification 
begins either in the central body of the bone, later spreading to the 
processes, or in processes which eventual!}' grow together to form a 
central bod}'. Those bones which develop in the latter way or those 
which develop no subsequent processes are the ones which acquire their 
characteristic shapes the earliest. A graph is presented showing the com- 
parative time of appearance of ossification centers in se\ eral skulls in 
percentage of respective gestation periods. In animals ha\ ing a shorter 
intrauterine period ossification occurs relatively later, and these animals 
nre born at a relatively younger skeletal age. The order of appearance 
of the bones of the skull is about the same in rabbit, man. rat and mouse. 

“S3. Bruce T A • Time and Order of .Appearance of Ossification Centers .and 
Their Development in the Sk-uH of the Rabbit. .Am. J. An.-tt. 65:41-67 fj.-.n.l JO-'l. 
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^ MobUkation of Bone Walter, Van Slyke and Hufnagel”^ 

give a bi ief preliminary report on the effect of electrol 3 'sis in mobilizing 
and depositing calcium in an experimental animal. Two platinum bands 
each 2 mm. wide were wrapped subperiosteally around the femur of an 
anesthetized labbit, the bands being about 1 cm. apart. Roentgenographic 
studies revealed transverse bands of decreased density underlying the 
region once occupied by the positive electrode. There was no gross 
reaction about the negative electrode. Control experiments showed that 
t e electrodes themselves did not produce the changes described. It is 

e leved that the response is dependent entirely on mobilization of the 
calcium from the bone. 

The purpose of the experiments of McLean and Bloom was to 
demonstrate histologically by a special technic the mobilization of bone 
salts and the relation of osteoclasts and other bone cells to this phenom- 
enon. They conclude that the organic matrix of bone and bone salts are 
absorbed simultaneously by local cellular action and not by a phagocytic 
unction of osteoclasts. There is no evidence from these studies that 
absorption of bone matrix occurs as a reaction to decalcification. 

^ Delayed Ossification. — Cretin,'^®® studying the histogenesis of osseous 
tissue m delayed consolidation, concludes: (1) that osseous construction 
is due to osteoblasts which receive their nutrition from muscle; (2) that 
for this reason it is impossible to separate the study of iTone from that of 
muscle, and (3) that repeated hemorrhages about a fracture site which 
cannot be absorbed (perhaps in some instances owing to muscle injury) 

IS a definite factor in producing delayed union. [Ed. Note: This 
investigative evidence certainly has clinical value and may explain some 
cases of delayed union, especially in the shaft of the femur, where muscle 
usually completely surrounds the fracture site.] 

Effect of Manganese on Bone Growth . — Studies were undertaken by 
Barnes, Sperling and Maynard to determine whether any bone abnor- 
ma ity could be noted in the rat given a diet low in manganese. They 
have been unable to demonstrate any abnormal development of the tibia 
in t e albino rat raised on a diet low in manganese provided the rat is 
normal at 21 days of age. The rat differs from the chick in being much 


784. Walter, C. W. 
Deposition of Calcium 
(July) 1941. 


: Van Slyke, K. K., and Hufnagel, C.: Mobilization and 
by Electrolysis : Preliminary Report, Surgery 10 ; 14S-ld6 


,. Bloom, W. ; Calcification and Ossification: Mobiliza- 

Bone Salt by Parathyroid Extract, Arch. Path. 32:315-333 (Sept) 1941. 
r ' Histogenesis of Bone Tissue in Light of Study of Delayed 

Muscles, Presse med. 48:996-999 (Dec. 11-14) 1940. 

L. L.; Sperling, G., and Maynard, L. A.: Bone Development in 
Aibino Rat on Low J-fanganese Diet, Proc. Soc. Exper. Biol. & Med. 46:562-565 
(Apnl) 1941. 
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less sensitive to a diet low in manganese. Only 2 cases of abnormal 
tibias occurred among a total of 16 rats born of females reared on a diet 
low in manganese. The limited data on rats from females reared on a 
diet low in manganese suggest that the growth of the female is impaired 
while that of the male is not. 


Effect of Fluorides on the Skeleton. — ^\'olker, Sognnaes and Bibby 
have carried out a series of experiments on the biochemistry of fluorides, 
using radioactive fluorine. The blood fluoride level was found to decrease 
as the skeletal level rose, and the amount of rise paralleled the blood 
suppl}" to that particular osseous structure. 

Figures reveal that the greatest proportion of salivar}" and urinary 
fluoride was excreted during the first thirty minutes, i. e. the period when 
the blood level was highest. In discussing the results, the writers note 
that the high fluoride deposition in the bony skeleton is probably related 
to the observation that the addition of fluoride to the rachitogenic diet 
decreases the severity of experimental rickets.'®® 

Endocrine Secretions and Their Effect on Growth, Maturation and 
Degeneration of Bone. — The effects of endocrine preparations on growth, 
maturation and degeneration of bone when administered to various 
experimental animals have been recorded during the past year. Some 
authors have attempted to explain mechanisms, and some have suggested 
possible correlation to human disease. Estrogen was shown in various 
experiments to increase phosphatase in the femur of the rat, increase 
serum calcium in ducks, increase bone formation in ducks, increase osteo- 
blastic activity and increase bone ash. Solution of parathyroid in small 
repeated doses caused a temporary increase of phosphatase of the 
diaphysis and no change in the epiphy sis of the rat. A large dose caused 
an increase which was followed by a decrease in the diaphysis and a 
decrease in the epiphysis of the rat. Solution of parath}Toid did not 
have an effect on serum fat or bone formation in chicks. Extracts of 
adrenal cortex caused a decrease in phosphatase in the diaphysis and 
the epiphysis of the rat. Progesterone caused an increase in phosphatase 
in the femur of the rat. It promotes Iwperplasia of cartilage and inhibits 
deposition of new bone and retrogressive changes in cartilage and bone. 
Testosterone propionate causes the os penis and ischial tuberosities to 
appear and develop faster in rats. Testosterone propionate accelerates 
growth maturation and degeneration in female mice, ^'itamin D presents 
visual o’r morphologic rickets, but if the cntenon for judging the presence 


788 Volkcr J F • Sognnaes, R. F., and Bibby, B. G. : Distribution of Radio- 
active Fluoride in Bones and Teeth in E.xperimcntal Animals, Am. J. Physiol. 

132:707-712 (April) 1941. Trr . - r-, - x • • r 
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of rickets is enlaiged to include bone ash studies (in rats), phosphatase 
must e a ed to pievent rickets. Estrone (theelin) and its possible 
relation to osteitis fibrosa cystica are considered in this study. 

Villiams and Watson carried out experiments to determine 
w ether the sex hormones infinence the phosphatase content of bone, 
mg e nonlethal doses were administered to albino rats of approxi- 
da3's of age. The animals were killed at inten^als thereafter, 
and the phosphatase content of the femurs was analj^zed. 

The results may be summarized briefly as follows: Progesterone, 
testosterone propionate and estradiol benzoate tend to increase the 
p losp latase content, the effect being most marked in the epiphyses 
owing use of testosterone propionate. Thymus extract causes a 
mo^ erate increase, and the observations of others that thyroxin causes 
phosphatase content of bone have been confirmed. 

1 lams and Watson have attempted to explain the apparent 
sa utary e ^cts as well as the accompanying reduction of serum phos- 
piatase following the administration of extracts of adrenal cortex to 
persons with Paget s disease of the bone and chronic arthritis. The 
possi 1 ity that there may be a modification in the production of the 
enzyme is the subject of the present investigation. Two types of experi- 
ments were performed ; these were called the acute and the chronic type, 
n t e ormer the effects of single large doses and in the latter the effects 
^^peated doses of extract of adrenal cortex and solution of para- 
phosphatase content of femurs of rats were determined, 
the chronic experiments revealed that small repeated doses of solu- 
° P^^^*^hyroid produced a temporary increase in the phosphatase 
of the diaphyses without any change in that of the epiphyses. In the 
acute experiments this substance caused an increase followed by a 
ecrease in the phosphatase of the diaphyses, while only a decrease in the 
phosphatase of the epiphyses was noted. 

f adrenal cortex caused a reduction in the phosphatase 

P lap lyses and epiphyses, the effect being more marked in the 

after Corticosterone and the compound E of Kendall (17-hydroxy, 
eiy rocorticosterone), adrenal cortical substances, most closely 
approximated the effect of the whole cortical extract in reducing plios- 
^ ^ bones. No attempt is made to explain the mechanism 

un er > ing these changes, but there is thought to be a possible correlation 


^ illiams, H. L., and Watson, E. M. : Influence of Hormones upon Phos- 

fhvrnia r Femur ; Effects of Adrenal Cortical Substance and Para- 

tn>roid Extract, Endocrinology 29:258-261 (Aug.) 1941 . 

F., and Watson, E. M. : Effects of Adrenal Cortical Sub- 
nces Parathyroid Extract on Phosphatase Content of Rat Femurs, Endo- 
cnnoIog>- 29;2 j 0-237 (Aug.) 1941. 
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between these findings and the results of the clinical use of extract of 
adrenal cortex in the treatment of Paget’s disease. 

The Silberbergs have investigated the effect of progesterone on 
changes taking place in cartilage and bone during growth and aging. 
Seventy guinea pigs were used ; these were given subcutaneous injections 
of progesterone on six days of the week for periods of one, two, four, six 
and eight weeks. Sections were made from the upper part of the tibia, 
the knee joint and the chondro-osseous junctions of several ribs. 

Progesterone promotes slight hyperplasia of the cartilage cells which 
may be interpreted as a stimulating effect ; however, at the same time it 
inhibits the deposition of new bone. Progesterone maintains the juvenile 
character of cartilage and bone by inhibiting retrogressive changes in the 
tissues. Progesterone inhibits the conversion of immature into mature 
bone, and in the ribs it inhibits atrophj^, degeneration and calcification. 
These changes were almost the opposite of the acceleration of age changes 
following the use of estrogen. 

In order to study more in detail the cellular changes which take place 
after administration of estrogen, Bremer treated young white rats with 
theelin in varying amounts and over var3dng periods. The results noted 
were practically the same as those noted after the administration of solu- 
tion of parathyroid. 

The first histologic evidence of the beginning of osteitis fibrosa is the 
changing of osteoblasts from their normal shape to spindle cells and the 
uniting of neighboring cells by connecting strands, the whole forming a 
mesenchymal tissue. The changes are first noticeable on the peripheral 
bone spicules just beneath the inner cellular layer of the periosteum 
m the subepiph3’sial region and are accompanied b3' absorption of the 
newl3’' formed bone and local increase of osteoclasts ; this process spreads 
inward along the trabeculae. The same process takes place normall3' in 
growing long bones and leads to the molding and the shaping of the 
slender shafts beneath the wider broader articular ends. Normallv 
the destruction of bone is strictly limited, taking place in an orderly 
manner along wide cun^es that sweep from the edge of the broad 
epiphysis to the surface of the narrower shaft, cutting diagonally across 
the tips of the newly formed bone trabeculae, whicli are oriented in a 
vertical direction following that of tlie vertical rows of cartilage cells 
in the epiph3'sial line. The extent of this process is governed b3- a true 
balance between estrogen and androgen, which are normally present in 
both male and female persons. These two principles are known to be 

~92. Silberberg, kl., and Silberberg, R. : Effect of Progesterone (Corpus 
Luteum Hormone) on Growing Cartilage and Bone in Immature Guinea Pigs. 

Arch. Path. 31:85-92 (Jan.) 1941. 

“93. Bremer, J. L.: Osteitis Fibrosa Localisata : Experimental Study, .-\rcli. 
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mutually antagonistic in their action. In rats treated with theelin the 
balance is disturbed, and the destruction becomes irregular and' excessive. 
Osteitis fibrosa cystica is not due to an abnormal process but merely to an 
abnormal excess of a process which is itself normal in the molding of 
young bones. 

In an attempt to reproduce in the bones of the rat conditions similar 
to those in the older normal chick, 3'oung white rats just weaned were 
tieated with varying amounts of theelin for ten to twenty days and then 
allowed to live without injections for a further variable period. In a few 
lats significant changes were found. These consisted mainly of isolated 
areas of mesenchyme or cartilage in the subepiphysial region of the 
humerus. The author suggests that a true cyst might arise by the degen- 
eration and central liquefaction of such an isolated mass or by the erosion 
of vessels and consequent hemorrhage. 

An experiment was carried out b}’^ Turner, Lachmann and Hell- 
baum in which castrated and uncastrated rats were treated by varying 
dosages of testosterone propionate. The results are reported as follows : 
Prolonged injections of testosterone propionate, even when begun one 
day after birth, did not significantly alter skeletal maturation or bod)^ 
growth in rats. The appearance of the os penis and the ischial tuberosity 
epiphyses were hastened. However, the osseous progress of untreated 
animals was such that at eighty-seven days there were no demonstrable 
skeletal differences between these and the treated rats. 

The Silberbergs ’'®‘' distinguish three main phases of skeletal growth. 
In their strain C mice the first phase, lasting to the end of the fourth 
month, is characterized by proliferation of the epiphysial cartilage. The 
second phase, ending with the first year, is characterized by retrogres- 
sive changes in the epiphysial cartilage and an increase in density and 
thickness of the bones. The third period sees the ossification of the 
epiphysial cartilage and the resorption of bone in the shaft. 

The time factor of these phases was used to study the influence of 
endocrine preparations on cartilage and bone growth. Anterior pituitary 
extract caused stimulation of cartilage proliferation; this was followed 
by shortening of the proliferative phase. With pituitary transplants an 
inhibitory effect is first noted, but this is followed by a prolongation 
of the proliferative phase. The processes of resorption of bone were 
more pronounced by the action of extracts; the formation of bone wa.s 
more accentuated by the action of transplants. 

794. Turner, H. H. ; Lachmann, E., and Hellbaum, A. A. : Effect of Tes- 
tosterone Propionate (Androgen) on Bone Growth and Skeletal Maturation of 
Normal and Castrated Male Rats, Endocrinology 29:425-429 (Sept.) 1941. 

795. Silberberg, M., and Silberberg, R.: Effects of Hormones on Skeleton of 
Mice, Guinea Pigs and Rats, Endocrinology 29:475-482 (Sept.) 1941. 
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In dogs, guinea pigs, rats and mice tln-roid extract caused a marked 
stimulation of proliferation of cartilage; this was followed by a sharp 
decline and an intensification of processes of degeneration and resorp- 
tion. Injections of potassium iodide caused the same reactions, but 
proliferation was less active and degeneration less marked. Injections 
of solution of parath\-roid caused degeneration of cartilage without any 
preceding proliferative stimulation. 

Estrogen and testosterone inhibit cartilage proliferation and tem- 
poraril}" the resorptive processes of cartilage and bone. Subsequentlv 
retrogressive changes occur more rapidly than normally. Estrogen is 
more active in both aspects than testosterone. 

Gonadectom)' and progesterone induce a primar)- delay of onset and 
progress of skeletal gain, but eventuall}" in late stages this is neutralized 
by an intensification of the process of resorption. The effects of dif- 
ferent endocrine principles on cartilage and bone varj' in various species, 
in various strains in the same species and according to the age of the 
animal used. 

Day and Follis gave subcutaneous injections of estradiol benzoate 
at intervals varjdng from seventeen to one hundred and twenty-five 
days to more than 200 rats that ranged from 30 to 650 days of age. 
By means of histologic roentgen and chemical technics the effects of the 
estradiol benzoate on the skeleton were studied. 

The histologic changes that were noted were mainly an increase at 
the growing ends of the bones. These changes were noted as early as 
seventeen days after the treatment was started. The skeletal changes 
were greater in female than in male rats. The authors’ conclusions are 
that estrogen causes a decrease in normal destruction of bony trabeculae, 
just beneath the cartilage-shaft junction. At the cartilage-shaft junction 
they noted also an increase in osteoblastic activity. This was not noted 
at any other point. They conclude that this activity increases the density 
of the epiphyses and thus accounts for the increase in concentration of 
ash in the bone as a whole. 

The Silberbergs,'"’" in another study, used 36 virgin mice 2 to 4 
weeks old. These mice received injections of testosterone propionate 
Weekly for periods of two weeks, one month, two months, three months, 
four months, sixteen months and nineteen months. Tliey found that in 
growing female mice the testosterone propionate accelerates the aging 

796. Day, H. G., and Follis, R. H., Jr. : Skeletal Gianees in Rats Rcccivinc 
Estradiol Benzoate (Estrogen) as Indicated by Histological Studies and Determi- 
nations of Bone and Serum Calcium and Phosphate. Endocrinology 28:86-93 
(Jan.) 1941. 

797. Silberbcrg, M., and Silbcrbcrg, R.: Response of C-rtil.age and Bone rf 
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of the c])ii)hysial cartilage and that proliferation of the resting and 
columnar cells and their differentiation into hypertrophic cartilage cells 
and sclerosis, hyalinization and calcification of the cartilaginous matrix 
arc intensified. The authors state that high single doses of testosterone 
administered over short periods arc more effective in producing the 
changes than small doses over longer periods. 

Lurie and Hertzman report on the cfi’ect with regard to linear 
bone growth of the treatment with chorionic gonadotropin of undcsccndcd 
testicles and genital underdevelopment in 23 eases. They conclude that 
an average gain in height above the normal expectancy occurs in almost 
half of the eases. They do not feel that the preparation is dangerous 
to use since it apparently docs not produce premature closure of the 
epiphyses or retard linear growth. [Ed. No'i'k: It is difficult to correlate 
this claim, however, with the warning given later in the paper that too 
]}rolongcd treatment tends to advance the bone age.] 

Muscles . — A review of the literature on muscles for the year 1941 
reveals little of unusual significance aside from certain observations 
made on the subject of poliomyelitis. Apparently the muscular involve- 
ment in this disease is the result not only of a pathologic condition m 
the anterior horn cells but also of associated factors which contribute to 


loss of function. Most important of these is muscle s]>asm. This observa- 
tion, emphasized by Sister Kenny and confirmed by observers at the 
Children's Hospital, Iowa City, may liavc an important bearing on the 


treatment of this disease. 


The ineffectiveness of electric current in the treatment of cxpcn 
mentally induced muscular paralysis has been demonstrated. Furthci 
evidence has licen produced that in lower animals transplanted muse cs 
arc unable to perform new functions and that the reflex activity of t 
muscle shows no alteration of activity. Crossing nerves to antagomsUc 
muscles has no cfl'cct in modifying the inherent specific propcity o 
the nerve induced by the original muscle. The intravenous injection o 


potassium chloride appears to delay the onset of fatigue. 

Vitamins and Musenlav Dystrophy . — Muscular lesions have been 
observed by Krakower and Axtmaycr in rats given vitamin A- loc 
diets to resemble those of muscular dystrophy due to a lack of vitamin 
Since vitamin A-frcc diets do not contain vitamin E, tlic authous layc 
determined whether the muscular lesions arc due to deficiency of vitamin. 


798. Lurie, L. A., and Hertzman, J. : Linear Growth and Epipliysinl 
Effect of Treatment with Chorionic Gonadotropic Substance; Twcnty-TIircc a. 

J. Clin. Endocrinol. 1:717-725 (Sept.) 1941. ^ 
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A or to lack of vitamin E. In one series of experiments they gave 

/ 3 -oung rats vitamin A-free diets. The mothers of these rats had been 
given vitamin A-free diets from' the fourteenth day to tlie trventy-eighth 
postpartum day, when the rats were weaned. Eight of the 17 rats were 
fed 1.5 mg. of alpha tocopherol in olive oil weekly, the remaining 9 
control rats were fed olive oil alone. A second series of rats, which 
were also weaned at twent 3 ’-eight days but whose mothers had been 
given a diet of Purina dog chow, were placed on a r-itamin A-free diet. 
Eight were given weekly subcutaneous injections of 5 mg. of alpha 
tocopherol acetate, and the remaining 9 were left as controls. All animals 
either were killed or died, and histologic section was made. The authors 
found that muscular lesions hitherto described in connection with vitamin 
A deficiency in rats can be prevented by the administration of alpha 
tocopherol and hence are not related to the vitamin A-deficient state. 
Vitamin E or alpha tocopherol should form a part of the basal diet 
used to produce vitamin A deficienc 3 ' in rats. 

N eiironmsciilar Studies. — Sperry®"® studied the effect of crossing 
nerves to antagonistic muscles in the hindlimb of rats with particular 
regard to the phenomenon of modulation of nen'e b 3 " muscle. Modula- 
tion is described by Weirs as follows: When a nen-e is severed from 
Its muscle and forced to regenerate into a foreign muscle, the nerve 
cells under the influence of the new muscle undergo a process of cell 
modulation, losing the specific properties induced b 3 ' the original muscle 
and acquiring those specific to the new muscle. "Various attempts at 
training all failed to induce reeducation. Postmortem examination and 
physiologic tests showed that nerv'e regeneration had been as intended 
and that sensory as well as motor fibers had reinnerrated the muscles. 
Severance of the crossed nen^es abolished the reversed movement. 
Control animals similar!}^ operated on except that the nen^es were recon- 
nected to the original muscles showed foot movement in normal phase 
in all activities. 

The right and left sciatic nen’^es of 11 dogs were severed bj- Molander 
and Steinitz and immediate!}' sutured ; after this both hindlimbs were 
placed in casts. The gastrocnemius muscles of both legs were tested 
for abilit}- to contract to the faradic and the galvanic current. Treatment 
Was given to one leg, the otlier serving as a control, twice daily for six 
weeks with a current adjusted to just produce visible contractions. 

500. Sperrj', R. W. : Effect of Crossing Nen-es to .Antagonistic Afu'clcs in 
Hind Limb of Rat, J. Comp. Neurol. 75:1-19 (Aug.) 1941. 

501. Molander, C. O., and Steinitz. F. S.: Effect of Galvanic Current on 
Paralyzed Muscle: Experimental Study on Dog. -Arch. Pbys. Therapy 22;154-Kn 
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Paralyzed muscles did not respond to the faradic current in an}' case, 
he treated muscles showed no less loss of weight than the others. In 
o cases there was slightly less pronounced histologic evidence of 
egeneration. The untreated muscles exhibited a greater responsiveness 
to t ie galvanic current than the treated muscles, but both became steadil}' 
ess sensitive to stimulation as the experiment progressed. Histologic 
sections revealed no difference in the changes in tlie sciatic nerves of 
treated and untreated gastrocnemius muscles. There is no evidence that 
paralyzed limbs aie benefited by electrical stimulation. It still remains 
to e demonstrated whether such benefits can occur in paralyzed limbs 
m cases of poliomyelitis. 

Buchthal and Ciemmesen have determined the electrical behavior 
o the muscle by action potentials which represent innervation impulses 
ut not the contractions themselves. In the resting, fully relaxed muscle 
no potential oscillations exist. When electromyograms were taken of 
muscles, in certain cases a permanent rest activity was found. The 
activity was of an intensity similar to that produced by moderate invol- 
untary contractures. The peripheral sensory receptors were paralyzed 
y procaine hydrochloride injected subcutaneously; however, the rest 
activity remained unchanged. Intramuscular injections of procaine 
hydrochloride caused at first a decrease in the rest activity and then 
na y complete disappearance. The authors therefore believe that the 
phenomenon of rest activity is connected with the sensory receptors 
ot the muscle. 

In a series of 46 patients studied by means of electromyography in 
whom typical conditions affecting muscle and organic nervous disease 
were present, 8 patients showed rest activity. The authors believe that 
palpable conditions affecting muscle can be arranged in two groups by 
means of electi oinyography : the first group, in which the electromyo- 
giam IS the same as that of a normal muscle; the second group, in which 
t e ecti omyogi am of the resting muscle shows permanently interfering 
action potentials which correspond to moderate muscle contraction, 
ntrarnuscular injections of procaine hydrochloride, quinine and calcium 
as well as intravenous injection of calcium stopped this rest activity, 
le authors interpret these results as indicative of a permanent irritation 

^ ^ pi'oprioreceptive receptors of the respective muscle, the cause of 
which IS not yet known. 

\\ eiss and Brown have studied 20 cases (18 cases of poliomyelitis 
un o sp astic paralysis) by means of the electromyographic method in 


Ciemmesen, S.; Differentiation of Palpable Muscle 
' Oft- - ■ ^’‘'‘=‘’’°"i>-ograpby, Acta med. Scandinav. 105:48-66, 1940. 

tinti ni ^ Known, P. F. : Electrom 3 'ograpliic Studies on Rccoordina- 

Snr P * " Movements in Poliomyelitis Patients with Transposed Tendons, Proc. 
Soc. Lxper. Biol. &• Med. 48:284-287 (Oct) 1941 
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which transplantation of the biceps femoris to the extensor side of the 
knee joint -was done. In their preoperative studies the autliors obsen-ed 
that stead}' activity of tlie rveak quadriceps muscle during flexor as veil 
as extensor phases was present and seemed to be characteristic of 
coordination in patients with poliomyelitis in contrast to normal persons 
and patients with spastic paralysis. The biceps operates in the flexor 
phase only. Postoperative results indicated that when the leg operated 
on was removed from tlie cast for tiie first time no activity of tlie trans- 
plant was obser\'ed. Soon, however, the transplant began to show 
activity, at first in the flexor phase and after a few trials in the extensor 
phase as well. The transplant continues for some time to act in both 
flexor and extensor phases, and there is no evidence of automatic 
resumption of reciprocal innen'ation. After a further practice period 
of varying duration the transplant begins to be admitted during flexor 
actions. Relapses into the old flexor association may occur even years 
after the operation. These relapses seem to be favored by fatigue, lack 
of concentration and automaticity of movement. Their occurrence sup- 
ports the view that the adjusted use of the transplant is not based on 
the substitution of a permanent extensor association for its former flexor 
association in tlie elementar}' motor mechanisms but rather on the 
development in higher centers of a new t 3 'pe of action which can effec- 
tive!}' override the innate coordinative associations irithout abolishing 
them. This corroborates the distinction between lower, rigid and higher 
plastic systems in the control of coordination suggested by earlier 
observations. 

Watrous and Olmsted have studied the characteristics of reflex 
activity in a series of 5 dogs and cats in which various muscles were 
transplanted and present k}'mographic tracings to illustrate their find- 
ings. For example, the soleus muscle of a cat, an extensor, was trans- 
planted to a flexor position. After decerebration ti'pical exaggerated 
tone appeared in the soleus in spite of its flexor position and stimulation 
of the ipsilateral posterior tibial nerve caused inhibition of this tone. 
Similar studies were made after transplanting the peroneus longus 
muscle of a dog, a flexor muscle, to an extensor position. 

The authors found that when tested by reflex activity the isolated 
responses of translocated muscles of the Inndlimb of the adult cat and 
dog and of the translocated superior oblique muscle of the rabbit showed 
no alteration in function, even when as long as four months vas allowed 
for readjustment. 

[Ed. Note: This work offers further evidence of the inability of 
transplanted muscles to perform new functions in the lower animal.-.] 

~~S0r^\^rous, W. G., and Olmsted. T. D. : Reflc.v Studies .After M.:=de 
Tmn.splantation, Am. T. Physiol. 132:607-f>n (-ArnU 19-U. 
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Biochemical Studies oj Muscles. — HofT, Winkler and Sniilli*‘’“ iiave 
studied the effect of the intravenous injection of potassium chloride on 
fatigued muscle. They have found that the normal marked reduction in 
the height of muscular twitches as recorded on a myograph after repeated 
stimulation of the muscle either directly or through its nerve supply 
is prevented by the slow intravenous injection of isotonic solution of 
potassium chloride. They suggest that since potassium is known to 
he liberated from muscles during the tj'pe of muscular activity described 
this may be a factor responsible for the decrease in the intensity of 
contractions in fatigue, d'hc}'' further suggest the hypothesis that the 
mechanism of the restoration of the vigor of contraction of fatigued 
muscle may consist in the replacing of potassium previously lost during 
the development of fatigue. 

The efficiency of muscular work has been found to be increased 
if the work is interrupted by regular and short pauses of rest. 

Certain aspects of previous experimental work with vitamin A 
arc subject to severe critical reevaluation since it has been shown that 
the standard vitamin A-deficient diets are likewise deficient in vita- 
min E. 

Further evidence is offered that muscle repair takes place by the 
growth of fibrous connective tissue. 

Physiologic Studies oj Muscles . — Maison and Broeker have investi- 
gated the effect of muscle training on the increased capacity to pci- 
form voluntary work after daily use. They have studied the eftect 
of removing the blood supply to a muscle on its muscle-training chai- 
acteristics. An ergograph was attached to the middle phalanges of the 
middle and ring fingers so that the work of the extensor digitorum 
communis muscle could be accurately measured. A sphygmomanometer 
cuff was used to produce ischemia. The contralateral muscle woik 
was measured with its blood supply intact as a control. The muscles 
were voluntarily worked to fatigue once each day. 

Training patterns without blood supply showed small and^ sIom 
gains in total work done. The work ability of muscle working without 
blood supply was not significantly increased by effective training v't' 
blood supply. 

d'hc autliors conclude that muscle training is largely a phenomenon 
of improvement in nervous direction and vascular supply. 

805. HofT. H. E. ; Winkler, A. W., and Smith, P. K. : Recovery of 
^[usclc Following Intravenon.s Injection of Potassium Cliloridc, Am. J. P'.'®’ 
131:615-018 (J.an.) 1941. 

806. Maison, G. L., and Proeckcr, A. G. : Training in Mtiman ^tu.sclcs M orh 
ing M itli and Without Rlood Sttpply. .Am. J. Physiol. 132;.’190-404 (March) 
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Simonson and Enzer liave studied tlie efficiency of lifting loads, 
interrupted b}' short rest pauses during which the subject was standing 
and was seated. Two subjects were studied; the}' were required to 
lift dumbbells of 4 to 6 Kg. a vertical distance of 1 meter with straight 
anns. Different variations of duration of each lifting and lowering 
with and without pauses between each lift were studied. The authors 
observed that the efficiency of muscular work was increased when the 
Avork was interrupted b}’ regular and short pauses of one minute 
duration. This increase was still more pronounced if the subjects were 
allowed to sit during the interruptions. Similar results were obtained 
in 2 subjects at three different speeds and with two different loads. 


Cartilage Growth and Metabolism . — The reA'iew of the literature 
for the year 1941 relative to cartilage, its growth, metabolism, respira- 
tion and regeneration reA^eals both clinical and experimental data. One 
of the more popular phases, as in years past, has been the cartilage 
graft, and several new points are brought to light regarding technical 
points in its use. 

Dupertuis presents a rather complete review of the literature on 
the subject of cartilage transplantation with divisions into experimental 
studies on fresh cartilage grafts in animals and experiments with pre- 
served cartilage. Since he found no reports on actual growth in grafts, 
he set out to study this himself. His observations were as folloAvs : 

1. Autografts of young ear cartilage increased in length and surface 
area. 


2. Isografts of young ear cartilage increased in size also, but to 
a lesser degree. 

3. Isotransplants of adult ear cartilage into A'oung rabbits showed no 
growth of the graft and Avere surrounded by scar tissue but did not 
decrease in size. 

4. Autotransplants and isotransplants of rib cartilage into }ounj, 
rabbits increased in size in their transplanted sites but greAv at a s oaa er 
rate than ear cartilage; the autotransplant shoAved a greater increase 
in size than did the isotransplant. 

5. Autotransplants and isotransplants of preserved }oun^ rib and ear 
cartilage in young animals all shoAved gross reduction in size aai i 
A'arying amounts of absorption : preserved cartilage gra ts aa ere en ire a 
unsatisfactory. 


Qfi 7 c- ’ T- A X- • Effect of Short Rest Pauses in Standing and 

oO/. Simonson, E., and Enzer, iN. . e-neci « tt,.„ c. TnviVol 23- 

Sitting Position on Efficiency of Muscular AVork. J. Indust. H. g- 

106-111 (March) 1941. 

SOS. Dupertuis, S. M.: Actual GroAAth of jOTugC^rti age ransp.n 

Rabbits; Experimental Studies. -Arch. Surg. 43:o2-6-> (.TuU) L4 . 
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Young reviews briefly the clinical and the experimental evidence 
regarding cartilage transplants of living and dead autogenous and homo- 
geneous types. An experiment is reported in which 10 dogs were used. 
Autogenous living cartilage from the costal margins was transplanted 
into the abdominal wall. Half of these transplants had intact peri- 
chondrium, and the other half had the perichondrium removed. The 
grafts were examined grossly and microscopically over a period of two 
weeks to one and one-half years. The conclusion reached is that living 
autogenous cartilage grafts remain viable hut do not change essentially 
their shape and size. 

New and Erich point out that freshly i-emoved costal cartilage 
undergoes distortion by warjiing. This is most objectionable from the 
viewpoint of plastic operations. Preserved cartilage retains its shape 
because it has undergone the process of fixation. The statement is made 
that cartilage can be successfully transplanted from one person to 
another and that it may be preserved for an indefinite, period in aqueous 
antiseptic solutions maintained at ice box temperatures. This permits 
the utilization of cartilage obtained post mortem. I-Iowever, the authors, 
jM'cfcr to use fresh autogenous cartilage. 

Rosenthal, Bowie and Wagoner present a complete report con- 
cerning the technical details of a method of study of the glycolytic activ- 
ity of cells of bovine articular cartilage and the respiration of these 
cells. The material consisted of bovine articular cartilage obtainc 
within one-half hour after slaughtering. The age of the animals range 
from 6 weeks to 11 years. 

d'he authors’ conclusions ai'e as follows : 

1. The cell count of bovine articular cartilage decreases by 75 per 
cent from infancy to old age. 

2. The velocity of glycolysis remains proportional to the cell content 
of the tissue in all ages studied ; thus the glycolytic power of the caiti age 
cells is not affected by aging. 

3. d'he velocity of the oxygen consumption diminishes more lapidly 
than the cell content of the tissue; the respiratory power of 

tilage cells is 30 ])er cent lower, and that of old cartilage cells is 
per cent lower than that of young cells. 

Joints Studied jroni the Physiologic and Histologic Points oj Victo.— 
Little of value has been brought out in 1941 relating to the study o 
joints from the physiologic and histologic points of view. 

809. YomiR, F. : Autogenous Cartilage Grafts: Experimental Study, .SttrgcO 
10:7-20 (July) 1941. 

810. Xew, G. B., ami Ericli, J. E.: Mctliofl to Prevent Fresh Costal Cnrtilag 
Graft.s from Warping. Am. J. Surg. 54:435-438 (Nov.) 1941. 
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Zeller, Bywaters and Bauer have found that thiocyanate ions and 
dextrose diftuse readily into joint spaces of calves following intravenous 
injections. They used only 6 joints for their determinations of thiocy- 
anate and only 2 joints for determinations of dextrose. Comparisons 
■were made between other body fluids, but no significant conclusions 
were drawn. 

King finds that in Cliarcot’s joints in addition to retrogressive 
changes there are well developed and easily recognizable progressive 
and proliferative changes in the synovial membrane. The author feels 
that the synovial fluid should be regarded as a fluid tissue rather than 
a secretion of the lining cells because: (1) it contains cells which are 
morphologically normal ; (2) changes occur in the fluid which are most 
readily explained on the assumption that the fluid is under the definite 
cellular controls, and (3) in abnormal conditions, especially if the tissues 
are active, the s}-novial membrane may be shown to merge into the 
fluid. 

Herrmann and Ruff present an interesting differential diagnostic 
criterion between inflammatory and noninflammatorj- effusion in the 
joint. They found the tryptophan values varHng from 23 to 333 mg. 
per hundred cubic centimeters. The lowest figures were found in cases 
of joint transudation of noninflammator}* nature, particularly in those 
in which the condition was due to circulator}’ disturbances. Traumatic 
effusion due to various lesions showed a value behveen 40 and 88 mg. 
per hundred cubic centimeters. In cases of tabes the values were con- 
sistently around 68 mg. per hundred cubic centimeters with nomal 
sedimentation time. Higher values were found in cases of syphilitic 
effusion (95 mg. per hundred cubic centimeters), in cases of effusion 
from intra-articular injection (IH mg. per hundred cubic centimeters) 
^d in cases of syphilitic arthritis (119 mg. per hundred cubic centi- 
meters). Tuberculosis showed a value between 131 and 178 mg. per 
hundred cubic centimeters. The highest figures were obtained^ in cases 
of infectious arthritis (100 to 333 mg. per hundred cubic centimeters). 

In all cases in which the tr)T)tophan content exceeded 95 mg. per hun- 
dred cubic centimeters, the sedimentation rate was abnormally acceler- 
ated. The diagnostic value of the test lies especially in differentmtmg 
between active tuberculosis and traumatic conditions. 


812. Zeller, J. W. ; Bywaters, E. G. L., and Bauer, W. : of TlnoQ-anate 

and Glucose from Blood Stream into Joint Spaces. -Am. J. Physiol. IS-.-lcL-ic.) 


(Feb.) 1941. 

813. King. E. S. J.: Sj-novial Membrane in Charcot’s Joint. wUh 
Reference to Golgi Apparatus and SjTiovial Fluid. .Arch. Path. 31 . 6 .. i / 
1941. 
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814. Herrmann, H., and Ruff, W.: Determination of .Amount oi To p.oph.an in 
Effusions as New Itfethod for Their Differentiation. M icn. .Arch. f. inn. .. c< . 
34:41-56, 1940. 
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Tendon and Muscle Repair . — In the literature of the past year relat- 
ing to the mechanism and the rate of tendon repair several controversial 
points have been discussed. The source of granulation tissue necessary 
for this repair, the origin of tendon cells and the nature of these cells 
are treated. The mechanism of scar formation and its tensile strength 
are dealt with in another article. 

Howard has carried out a rather careful microscopic study of the 
tendons of human beings, mice and rats. The tendon cells are said to 
lie apposed in parallel rows with oval nuclei. These tendon cells he 
between the closely packed parallel collagen fibrils and on close examina- 
tion can be seen to enclose or line tiny canaliculi or longitudinal spaep. 
These tendon cells take the neutral red and show the characteristics 
of endothelial cells. One can refute the view held by some investigators 
in the past that they are the nuclei of a continuation of the muscle sai- 
colemmic sheath ; the fact that they line spaces suggests that they are 
endothelial in origin. 

Howard believes tendons heal primarily by granulation tissue derived 
from the surrounding paratenon structures and organized blood. These 
tendon cells as a specific type do not reform the tendon, but the develop- 
ing scar tissue under stress lines up the developing collagen fibrils into 
parallel bundles. 

Mason and Allen have tested the return of tensile strength m 
dog tendons. The tendons were cut and immediately repaired by a 
special technic. The experiments were divided into two groups ; in one 
the extremities were partially or completely immobilized, and in the 
other unrestricted motion was permitted. They find that three tissues 
take part in tendon repair, namely, the tendon itself, connective tissue 
in and on the surface of the tendon and the connective tissue surrounding 
the tendon. 

The first stage in repair is the formation of a fibroblastic cuff about 
the injured area. This is completed about the fourteenth day. Oiganiz 
ing differentiation then begins. The intervening tissue assumes t ie 
strength and the appearance of tendon regardless of where its origin 
may have been. There are two phases of increase in tensile stieng i 
during the healing process of the injured tendon. The first phase lasts 
from the fifth to the sixteenth da}", and the second phase begins fiom t ic 
nineteenth to the twenty-first day and continues for an undeterminc 
period. Restricted use of the tendon after about the fourteenth day ma} 

815. How.nrd, N. J. ; Pathological Changes Induced in Tendons 
Trauma and Their Accompanying Clinical Phenomena, Am. J. Surg. 51. 
(M.arch) 1941. 

816. Mason, M. L.. and Allen, H. S.: Rate of Healing of Tendons: Expen- 
ment.il Study of Tensile Strength, Ann. Surg. 113:424-459 (March) 1941. 
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be expected to lead to an increase in the tensile strength of the union 
for the next one or two weeks. 

A series of 72 experiments on dogs and rats was performed by 
Chouke and Whitehead in an effort to find the characteristics of 
the healing which takes place when a muscle is severed and then sutured 
and also when fascia is severed and then sutured. The authors have 
found that healing of severed striated muscle of dogs and rats occurs 
by fibrous connective tissue growth from the epim)’-sium, the perimysium 
and the endomysium and not through regeneration of muscle cells. Fas- 
cia unites readily to fascia when closely approximated by connective 
tissue growth. The type of suture material employed (silk or catgut) 
does not appear to influence the degree or the extent of union behveen 
fascia and muscle. The union of muscle to muscle and fascia to fascia 
is complete in eight to eleven da}’’s after suture. 

817. Chouke, K. S., and Whitehead, R. W. : Wound Healing-, -with Especial 
Reference to Muscle and Fascia Repair, Surgerj- 9:194-197 (Feb.) 1941. 
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Herbst reports on 124 patients suffering from carcinoma of the 
bladder seen at the Surgical Clinic in Vienna. In 64 cases necropsy 
■was done. Most of the patients were seen in the late stages of the 
disease, about six months after the onset of symptoms. There was no 
connection between the size or the situation of tlie tumor and the dura- 
tion of symptoms. Herbst believes that tumors situated in the trigone 
do not cause symptoms any earlier than do tumors found in other parts 
of the bladder. 

Herbst discusses two t}-pes of carcinoma: the ulcer and the solid 
protruding tumor. In an occasional case a tumor of the bladder ma}’- 
be the result of metastasis from a neoplasm situated in other organs. 
Herbst reports having seen 1 patient who had a tumor of the bladder 
which was secondary to a tumor of the lung and 1 who had a tumor 
of the bladder which was secondary to a tumor of the gallbladder. 

Results of treatment of this series of patients were bad. Therap}' 
witli radium and roentgen rays offered little. In Herbsfs cases, partial 
resection of the bladder permitted cure in 10 to 20 per cent of the cases. 

Baker and Brewer report a case of endometriosis of the bladder. 
The patient was a woman 33 years old who had frequency of urination 
for four years. Cystoscopic examination revealed a circumscribed red 
lesion on the left posterior wall of the bladder. Later, she had stabbing 
suprapubic pain in addition to frequenc)' of urination. This pain was 
C3xlic, occurring ever)' two or three weeks, and was accompanied by 
“drawing” pains in the breast. On pelvic examination a tender mass 
was found associated with the wall of the bladder and separate from 
the cendcal stump. Several months later cystoscopic examination 
showed a puckering in the region of the bladder. At operation a mass 
was found and removed from the wall of the bladder. Microscopic 
examination disclosed endometriosis. 

IMuller reports a case in which a tumor of the bladder developed 
in a worker in tlie aniline dye industr)'. A small papilloma extended 
up into the left ureter, causing obstruction, pronounced hematuria and 
complete destruction of the kddney. Miiller, who has had varied 
experience in the treatment of tumors among workers with aniline dyes, 
discusses the different theories concerning the occurrence of these 
tumors. 


31. Herbst, R. : Zur Klinik und Therapie des Blasenkarzinoms, Ztschr. f. Urol. 

34:361-389, 1940. 

32. Baker, \V. J., and Brewer, J. I.: Endometriosis of tlie Urinarj- Bladder: 
I^cport of a Case, Tr. .Am. A. Genito-Urin. Surgeons 34:135-143. 1941. 

33. Hidler, A. : Bemerk-ungen zur Patliogenese der Anilintumoren. Hitteilung 
eines Falles von Ureterpapillom nach Benzidinschadigung, Schweiz, mcd. Wchn- 
schr. 70:232-233 (^farch 16) 1940. 
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Segal and Fink^' report a case in which a cavernous hemangioma 
occurred in tlie bladder of a hoy of 15 years. Cystoscopic examination 
revealed a mass the size of a small plum on the posterior wall of the 
bladder. Partial cystectomy was carried out, and histologic examination 
showed the tumor to be a caA'ernous hemangioma. 

Segal and Fink state that about 40 cases of this condition have been 
reported. In 14 of these the patients were less than 20 years of age. 
Many surgical jirocedures haA’^e been employed, such as fulguration, 
local excision or radical resection by the open operation. Cures Avere 
described in 22 instances, Avith periods of postoperatiA’^e observation 
ranging from several months to fiA'e years. Recurrence AA^as noted m 
4 of the reports of cases. 

CoiiAvay and Broders report a study of submucous extension of 
squamous' cell epithelioma of the urinary bladder. A series of more than 
400 specimens of tumor of the bladder remoAmd surgically and 150 
specimens of tumor of the bladder removed at necropsy Avas inspected. 
Forty of these, Avhich Avhen measured in the fixed contracted state 
presented a margin of 1 cm. or more of tissue apparently free of tumor 
on from one to four sides of the primary neoplasm, were chosen for 
study. When possible, each specimen Avas sectioned for microscopic 
study in each of four quadrants at distances of 1, 2 and 3 cm. or more 
from the perimeter of the primary lesion until tissue free of tumor cells 
Avas encountered or until tissue for further study Avas not available. 
Records of the patients from whom these tumors had been remoA^ed 
Avere analyzed, and the following conclusions Avere draAvn : 

It is impossible to determine hoAV far malignant tissue extends 
laterally in the submucosa of the urinary bladder by gross observation 
at the time of operation. If segments of the bladder are to be remove 
at all, they should be removed only (1) when roentgen examination 
-of the thorax reveals no abnormality which could be interpreted as 
metastasis, (2) Avhen preoperatiA^e information derived from cystoscopic 
^examination, cystography and intravenous urography indicates that the 
lesion is still confined to the bladder and (3) AAdien thorough surgica 
(exploration of the liver, the peritoneum and the regional lymph nodes 


xeA'eals no abnormality Avhich is suggestive of metastasis. 

If segments of the bladder are to be removed the edges of the resecte 
tissue should be examined microscopically before the operation is com 
pleted, to enable the surgeon to determine Avhether or not resection i 
been Avide enough. If not, tissue should be remoAmd until tissue re 


34. Segal, A. D., and Fink, H.: Cavernous Hemangioma of the Bladder, J. 
Urol. 47:453-460 (April) 1942. 

35. Conway, J. F., and Broders, A. C. : Submucous Extension of 
Cell Epithelioma of the Urinary Bladder, J. Urol. 47:461-471 (April) 1 
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of tumor cells has been encountered on all sides of the lesion, if possible. 
If tliis is not possible, as Conway and Broders believe is frequent!}- the 
case, the operation is of prognostic value onl}’’, since, because of the 
problem of disposition of the ureters at such a stage in the operative 
procedure, the ideal time for total cj-stectomy will have passed. 

Total cystectomy, with the same reserv-ations outlined previously for 
segmental resection, is the rational method of treatment from the outset 
for cure of epitheliomas of the higher grades, for several reasons. One 
is the frequency with which squamous cell epitheliomas extend widely 
in a lateral direction in the submucosal coat of the bladder. Anotlier 
is tlie not uncommon finding of carcinoma in situ in a bladder which 
already presents a fully developed malignant lesion. Another is the 
modest results obtained b}" the present generally accepted methods of 
dealing with malignant lesions of the bladder, and still another is the 
impracticabilit}- of performing total cystectomy after the bladder has 
been opened with some other procedure in mind. 

Rupture . — Brunner and Kiibler,®'' in a report on 25 patients suffering 
from rupture of the bladder observed in tlie Surgical Clinic in Zurich, 
Switzerland, discuss in detail the S 3 ’’mptoms, the diagnosis and the 
therapy of tliis condition. In 17 cases the rupture was due to blunt 
trauma ; in S cases tlie rupture was intraperitoneal, and in 9 it was extra- 
peritoneal. In the remaining cases, rupture in 2 was secondarj’- to 
gunshot wounds; in 3 it followed instrumentation, and in 3 it resulted 
from blows from various tools. Cases of accidental trauma of the bladder 
after operative procedures were not considered. The authors said that 
if they are discovered at once these operative accidents rare!}- cause 
trouble. 

In only 1 case of intraperitoneal rupture of the bladder was there 
an associated fracture of tlie pelvis, and in none of the cases was there 
associated traumatism of other abdominal organs. The prognosis 
which accompanies intraperitoneal rupture is better than that which 
accompanies extraperitoneal rupture, because of the fact that in most 
cases extraperitoneal rupture is associated with heai-y injuries. Only 
2 patients suffering from extraperitoneal rupture were saved by 
operation. Introduction of catheters, use of lavage of the bladder, 
cystoscopy and urographv are unreliable and misleading; accurate 
estimation of the output of urine and of the value for nitrogen in blood 
urea usually provides diagnostic aid. An increase in the value for 
nitrogen in blood urea suggests resorption of urine. Wlien patients 

36. Brunner, W., and Kiiblcr, H. : L'nsere Erfahrungen und Ergebnisfe bci 
traumatischen Rupturen der Harnblase, Schweiz, mod. Wchnschr. 70:925-932 
(Sept. 2S) 1940. 
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wlio have this type of rupture arc seen late the danger of infection is 
less than the danger arising from uremia Ijy resorption. 

Lij^ow and Vogel report a case of spontaneous rupture of the 
^^laddei . Thc}'’ state that extrapcritoncal rapture of the bladder usually 
IS associated with trauma, inasmuch as the bladder is fairly well protected 
by fascial coveiings and boii}' structure, whereas intraperitoneal rupture 
often is not associated with trauma. The bladder usually ruptures at 
a pieviously ulcerated portion or through a wall that has been long 
subjected to pressure from urinary obstruction. In the cases reviewed 
the amount of urine found in the abdominal cavity varied from 2,500 
to 4,000 cc. In Lipow and Vogel’s case more than 6,000 cc. was 
removed. 

Causative factors concerned in rupture of the bladder are numerous. 
Generally speaking, the pathologic processes known to affect the bladder 
itself and its contiguous structures are the most ordinar)'^ agents in the 
production of rupture. Stricture, both organic and spasmodic, is one 
of the most common causes. Drunkenness was a feature in 7 cases. 
Tumors of the bladder or in the wall of the bladder and of the neigh- 
boring structures predispose to rupture. This is also true of prostatic 
hypertrophy. 1 uberculosis of the urogenital s^'^stem, particularly of the 
wall of the bladder itself, and generalized systemic tuberculosis have 
been reported and believed to form an important causative factor. 
Childbearing, interference with the nerve supply of the wall of the 
bladder and actual fatty degeneration all have been presumed to be of 
some etiologic significance. 

In case of intraperitoneal rupture there is usually sudden severe 
abdominal pain, which the patient may not be able to localize in any 
particular part of the abdomen. This pain usually will be described as 
a sensation of ‘something having given way.” The patient when first 
seen may be in a state of shock which varies from mild to severe, 
depending on the time that has elapsed from the beginning of his 
symptoms. The abdomen is distended, rigid and tender, and a fluid 
wave is present. There is a definite sensation of fulness in the flanks. 
Injection of a radiopaque substance into the bladder may disclose a 
rent of the organ. In rupture of viscera other than the bladder active 
motion of the patient is attended by severe pain and discomfort, owing 
to the fact that the highly irritating contents of the viscus have caused 
acute peritonitis. 

Ulcer . — Suter reports a series of 1 1 cases of encrusted ulcer of 

the bladder. Five of these cases were reported in detail. All the 

37. Lipow, E. G., and Vogel, J. ; Spontaneous Rupture of tlie Bladder, J. Urol. 
47:277-282 (March) 1942. 

3S. Suter, F. : Ueher das Ulcus incrustatum vesica, Schweiz, med. Wchnschr. 
71:1326-1329 (Oct. 25) 1941. 
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patients ga^-e a histon- of trauma to the bladder, either mechanical or due 
to infection. There was usually a superimposed infection caused by 
some urea-splitting organism. Surgical treatment was used in all cases. 
Resection of the diseased portion, followed b}' fulguration, usually was 
done. 

Interstitial Cystitis . — Pool and Crenshaw report on the use of a 
solution of silver nitrate in the treatment of 34 patients who had inter- 
stitial C 3 'stitis. All the patients, excepting those concerning whom the 
diagnosis of interstitial cystitis had not been definite, responded to the 
treatment. The method of treatment used was to begin with a ver}' 
dilute solution ( 1 : 5,000) and to increase the strength daih- until a 
solution of 1 per cent was reached. The patient's bladder was 
thoroughl}' lavaged with the solution, and then 2 fluidounces (59 cc.) 
of it was allowed to remain in the bladder for five minutes. At the 
end of this time the bladder was emptied bj' means of a catheter. 
Although Pool and Crenshaw do not claim to have cured the patients, 
they do say that at the time of their report some patients had been 
free of sj^mptoms for as long as six months. 

Fibrosis of Vesical Neck. — Fister^® reports a case in which sub- 
mucous calcification of the vesical neck occurred in a boy 13 years old. 
He emphasizes the importance of the fact that although the patient 
had neurogenic incontinence there were neither roentgen evidences nor 
physical obsen^ations to indicate that any large amount of residual urine 
was present until calcification developed with obstruction of the vesical 
neck. The calcification was an acquired condition and developed during 
the time the patient was between the ages of 8 and 13 years. Fister 
states that fibrosis of the vesical sac was a progressive disease which 
preceded calcification. Fibrosis did not appear to have been incidental 
to muscular h)’^pertroph 3 ’’, since there was no h 3 y)ertroph 3 ' of the trigone, 
the wall of the bladder or the internal vesical sphincter muscle. It 
ma 3 ’^ have been initiated b 3 ' a disturbance of innervation of the sphincter 
muscle, followed b 3 ' an acquired infection. 

The patient had gained control of the bowels at the age of / 3 'ears, 
and Fister expresses the belief that if fibrosis witli calcification of the 
vesical neck had not occurred he most likeh' would hai'e gained some 
control of the bladder without the aid of surgical inten-ention. 

In the tissue removed from the orifice of the bladder was a dense 
proliferation of fibrous tissue with degeneration of muscle and con- 
nective tissue and deposits of calcium in the submucosa. Fister is of 

39. Pool, T. L., and Crenshaw. J. L.: Treatment of Interstitial Cystitis with 
Silver Nitrate, Proc. Staff Meet., Mayo Cliti. 16:718-720 (Nov. 5) 1941. 
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the opinion that calcification of the submucosa suggests some similarity 
to the calcification which occurs in Monckeberg’s disease of the blood 
vessels, in which atrophy of the muscle elements and deposition of 
calcium occur. 

Similar calcification also is found in tissues afifected by tuberculosis 
that have undergone fatty degeneration, but Fister’s patient displayed 
neither clinical nor pathologic evidence of tuberculosis. It is Fister’s 
belief that the submucous calcification also suggested some similarity 
to so-called exogenous prostatic calculi. But the patient’s prostate gland 
was immature, and in the section of tissue removed from the vesical 
neck no calcification could be seen in the prostatic tissue. There was 
found no suggestion of a diverticulum of the prostatic urethra in which 
the stones might have developed. Disease of the parathyroid glands 
as a causative factor in the calcification was considered, but there was 
no clinical evidence that such a disturbance was present. 

Prolapse . — Macpherson reports a case of ureterocele in which 
prolapse through the external urinary meatus of a woman had occurred. 
When the labia were separated a bright red tumor was seen projecting 
through and beyond the external urethral orifice. It had an appearance 
which was suggestive of a polyp. When distended with urine, it was 
2 inches (5 cm.) long and 1 inch (2.5 cm.) in diameter but could be 
extruded farther by traction. Reduction was simple; first, the sac was 
emptied and then pressed upward and backward against the external 
urethral orifice. The ureterocele then slipped back and as it did imparted 
much the same sensation as that which the physician notices in the 
reduction of a hernia. When the patient strained, the ureterocele could 
be prolapsed at will outside the external urinary meatus. 

At operation the patient was asked to micturate. As she complied, 
the ureterocele presented outside the external urinary meatus. A fin^ 
ureteral catheter was then inserted into the ureteral orifice and cut down 
on for a distance of inch (roughly, 4 cm.) with an electrode. The 
diathermy cutting current was utilized, and the cyst was laid open. A 
finger was then inserted into the wound in the ureterocele, as a physician 
would insert a finger into a hernial sac to put it on the stretch, so to 
speak, and a circular section of tissue was excised. A week later 
cystoscopic examination disclosed that the inflated wall of the ureteroce e 
had completely collapsed. Through a central opening, corresponding to 
the portion excised at operation, the dilated lower end of the ureter 
could be seen at the point at which it entered the bladder. The 
redundant wall of the ureterocele arose circularly around the ureter 
orifice and was thrown into fairly firm, puckered folds. At this time 

41. Macpherson, I.: Ureterocele, with Prolapse Through the External Urlnarj 
Meatus, Brit. J. Surg. 29:294-298 (Jan.) 1942. 
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a right-sided ureterocele was found, which until then had been com- 
pletel)"^ obscured by the one first seen, on the opposite side. The 
ureteral orifice was not visible. At the second operation, a diathermy 
electrode was passed through the cystoscope and the wall of the 
ureterocele on the right was split in a vertical direction by the cutting 
current throughout its whole length. Later, cystoscopic examination 
revealed both ureteral orifices. The left one was situated near the center 
of a slightly elevated circular portion of healthy mucosa. The right 
one could be seen at the base of a hoodlike projection of elevated 
translucent mucosa which had been slit vertical!}- and had not con- 
tracted. There was no obstruction of either ureteral orifice, and the 
neighboring vesical mucosa presented a normal appearance. On the 
basis of the mode of onset and the disappearance of the symptoms in 
this case, Macpherson believes that a moderately large ureterocele can 
be present without causing any symptoms. The symptoms of his patients 
began suddenly and progressed without remission, and the onset of them 
seemed to date from the time the ureterocele on the left became large 
enough to reach the internal meatus and to cause obstruction to 
niicturition. All symptoms were relieved by removal of the obstruction 
in the left ureter. iNIacpherson suggested that in this case the 
ureterocele did not represent prolapse of the lower end of the ureter 
as a whole, but prolapse and ballooning of only the mucous lining of 
the ureter. 

PROSTATE GLAXO 

Hypertrophy. — Emmett^- is of the impression that many patients 
suffering from the “tabetic t}T)e’' of cord bladder can be helped by 
transurethral resection of the vesical neck. He reports a case to 
illustrate his view. The patient was a man 66 years of age who had 
found it necessar}’' to wear a urinal bag for fifteen years and in whom 
complete urinar}’’ obstruction had developed, requiring catheterization 
three weeks before his admission to the hospital. Although only 8 Gm. 
of tissue was removed, the patient was able to void a normal stream of 
urine, to empty his bladder completely and to go through the night 
with only an occasional rising to void. Emmett believes that a bladder 
weakened by distention resulting from impairment of the sensory nerv'es 
which supply the bladder is more easily obstructed than is a normal 
bladder. 

Kretschmer discusses the end results of removal of obstruction 
of the neck of tlie bladder on the basis of study of the presence or the 

42. Emmett, J. L. : Urinarj- Incontinence of Fifteen \ears Duration in a 
Tabetic Patient Relieved by Transurethral Resection: Report of a Case, Proc. 
Staff Meet, Mayo Clin. 16:728-730 (Nov. 12) 1941. 
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absence of residual urine in 144 cases in which prostalic resection had 
been done. This study revealed several interesting facts : 

1. A definite increase in the percentage of patients who had no 
residual urine was noted ; that is, this percentage increased from 66.3 
in the first series to 78.47 in the third series of cases studied. 

2. There was a reduction in the percentage of those patients who had 
11 to 20 cc. of residual urine. This percentage was reduced from 16.11 
in the first series to 13.88 in the third series. 

3. A definite increase in the sum total of these two groups was 
recorded ; that is to say, this sum total was 82.41 per cent in the first 
series, 87.90 -per cent in the second series and 92.36 per cent in the 
third series. 

4. There was a pronounced reduction in the percentage of patients 
who had from 21 to 30 cc. of residual urine. This percentage was 6.22 
in the first series, 6.95 in the second series and 2.77 in the third series. 

5. A decided reduction in the percentage of patients who had from 
31 to 40 cc. of residual urine occurred; it decreased from 1.83 in the 
first series to 0.694 in this series, 

6. There was a reduction in percentage of patients who had 41 to 
50 cc. of residual urine, namely, from 2.19 to 0.694. 

7. A definite reduction in the percentage of patients who had more 
than 50 cc. of residual urine was noted ; it decreased from 7.32 in the 
first series to 3.47 in the final series. 

Lich investigated renal dysfunction in cases of prostatic obstruction 
by the use of simultaneous tests of the clearance of insulin and phenol 
red. He states that renal dysfunction in the presence of prostatism is 
primarily dysfunction of the tubules. The disturbed renal function in 
prostatism is definitely improved by continuous vesical drainage. 
Renal damage caused l^y prostatism is partially reversible, he states. 
Reestablishment of renal function is not complete, but reaches a peak 
beyond which no further functional improvement occurs. 

Carcinoma. — Thompson '‘® says that carcinoma of the prostate gland 
whicli has developed sufficiently to cause urinary obstruction cannot 
be completely eradicated by a surgical procedure, because it has already 
spread through the perineural lymphatic vessels. He believes that 
adequate transurethral resection, with removal of all the obstructing 

44. Licli, R., Jr.: Renal Dysfunction in Prostatism, Surg., Gyncc. & 
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tissue, and tlie subsequent employment of higli -i-oltage roentgen tberapr 
offer the patient the best prognosis. He also believes that the almost 
negligible risk of the operation (less than 1 per cent in 253 cases) and 
the almost certain assurance of perfect control of micturition post- 
operativel}- are strong arguments in favor of transurethral resection. 

Barringer states that authenticated five year cures of prostatic 
carcinoma are rare. He thinks that so-called aspiration biopsy is a 
valuable means by which to make an earh’- diagnosis in about 50 per cent 
of the cases. 

At jMemorial Hospital for the Treatment of Cancer and Allied Dis- 
eases, New York, according to Barringer, there have been two general 
lines of treatment: (1) radiation therapy with radon needles or seeds 
applied perinealh' or suprapubicalh* and (2) minimization of operative 
inten'ention. Of 352 patients, 36 (10 per cent) lived for more than 
five years. Of these 36, 15 died of carcinoma between tlie fifth and 
the tenth year, so that there remained 21, or 6 per cent, apparentl}' free 
of carcinoma for periods of between fi's’C and nineteen }-ears. High 
voltage roentgen therapy has been of little use in control of this disease. 
Radiation treatment is of great value in maintenance of patency of the 
urethra, he says, and in enabling a patient to emph- his bladder through- 
out tlie years of life remaining to him. This applies to tlie small 
carcinomas confined to the prostatic and immediate periprostatic areas. 
Castration carried out by either surgical operation or roentgen rays may 
prove a factor in control of this disease. It should not be used to the 
exclusion of other methods. 

Tuberculosis. — Strom and Thompson report a case in which a 
patient came to necropsy. They believe the disease present represented 
true primar}' prostatic tuberculosis of the genital tract. Routine gross 
and microscopic examination did not reveal any evidence of tuberculosis 
elsewhere in the body. A small purulent abscess 4 mm. in diameter 
was found in the left lateral lobe of the prostate gland. This abscess 
had the t 3 p)ical histologic structure of tissue affected by tuberculosis and 
contained acid-fast organisms. Microscopic sections of the posterior 
urethra, the seminal vesicles, the vasa, the epididymes and the testes 
exhibited no pathologic changes. Strom and Thompson are certain that 
the prostate gland contained the only tuberculous lesion in the genital 
tract and possibly in the patient’s entire body. This case was said to 
constitute further evidence against the old teaching that genital tnher- 
culosis in the male subject alwa)'s is initiated in the epididymes. 
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TliSTICLK, EPIDIDYMIS AXD VAS DEFEREXS 

Ttimor oj Testicle. — Adams'*® reviews 21 cases of malignant tes- 
ticular neoplasm from a pathologic standpoint. Stud}'' of this material 
lends support, he thinks, to the theor}'' that these tumors, including 
seminomas and chorionepitheliomas, probabl)' have a common origin. 
It has been held that they arise from a spermatogenic cell or cells. Such 
cells may be pleuripotential and give rise to tridermal metastasis. A 
case in which there were single tridermal metastatic processes, each 
process containing derivatives of all three germ la 3 'ers, was cited as 
evidence for such occurrence. Adams suggested that trophoblastic 
tissue is present in teratoma testis more often than is commonly supposed 
and that its presence accounts for the appearance of large amounts of 
gonadotropic hormone in the urine of patients who have such tumors. 
The occurrence of hypertension in association with the excretion of large 
amounts of gonadotropic hormone in the urine was noted. 

Hamilton and Gilbert state that among men who have one tes- 
ticular cancer, the likelihood of the development of cancer in the second 
testis is from several hundred to several thousand times greater than 
would be expected on the basis of chance association. Abdominally 
retained testes are especially susceptible to bilateral cancer. One of 
every S men who had bilateral testicular cancer also had abdominally 
retained testes, the authors state, a condition which can be estimated to 
occur in probabl}'’ much less than 0.005 per cent of men. The 
pronounced carcinogenic tendency of abdominal testes also can be 
ascertained different!}'. Hamilton and Gilbert say that although the 
incidence of cancer in the presence of inguinal testes is high, the occur- 
rence of cancer in abdominal testes is some fifty times higher, as is seen 
by comparison witli the ratio of abdominal and inguinal testes to uncom- 
plicated cryptorchidism. The authors say that bilateral tumors occur 
predominantly in the reproductive years of life, but they remark that 
the first tumor in such cases usually occurs later in life than does the 
unilateral tumor. The greatest number of both unilateral and bilateral 
tumors, and especially those occurring during the reproductive years, 
arc unicellular types. 

The relative percentages of the various types of tumors are the 
same for bilateral as for unilateral cancer, save for the fact that chorion- 
epitheliomas are not found bilaterally. Hamilton and Gilbert advance 
additional evidence to the effect that prenatal factors are significant in 

48. Adams, T. E. : A Study of Malignant Testicular Tumors Including Case 
Reports of Cliorioncpitliclioma Accompanied by Hypertension and Teratoma Testis 
with Single Tridermal Metastases, J. Urol. 47:491-507 (April) 1942. 
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a patient’s predisposition to testicular cancer. It is possible, they believe, 
tliat estrogens may play a role in the instigation of ci^^ptorchidism and 
that gonadotropins may operate in the stimulation to carcinogenesis 
during the patient’s so-called reproductive years of life. They say that 
management of the patient who has cancer of one testis must be con- 
cerned with the possibility that primarj^ involvement of the other testis 
may occur. Despite the usually rapidl)’^ fatal course of the patient who 
has testicular cancer, a tumor has appeared in the other testis of 15 
per cent of those who had inguinal testes and in the other testis of 30 
per cent of tliose who had abdominal testes. The second testis of a man 
suffering from bilateral cryptorchidism and cancer of one testis must 
be viewed as a site of potential carcinogenesis. 

Hamm reports a case in which a \\''ilms tumor afflicted a 64 )'ear 
old man. The patient complained chiefly of hematuria. Cystoscopic 
examination showed tliat bloody urine was coming from the right, and 
that clear urine emerged from the left, ureteral orifice. The p 5 'eIogram 
of the left kidney was normal; that of the right kidney showed some 
obstruction characteristic of renal tumor. The right kidney was 
removed, and histologic examination revealed a mixed tumor containing 
carcinomatous and sarcomatous structures. 

Graves and Lawrence discuss bilateral embryonal carcinoma of the 
testicle and report a case. Their patient was a man 33 years old whO' 
had noticed that a slight enlargement of the right testicle had been 
present for two years. Orchidectomy was refused. At about this time 
the left testicle started to enlarge. On examination, a mass in the lower 
part of the abdomen was found. The left testicle was removed first; 
later the right one was excised. The diagnosis was embr}’onal carcinoma 
of the testicle. Roentgen tlierap)’’ was also administered. Ten months 
later the patient reported that he had lost 5 pounds (2.3 Kg-). He 
complained of nothing else and was working. 

Graves and Lawrence state that they favor external irradiation rather 
than surgical inten'ention as tlie primary form of therap)'' in the treat- 
ment of such patients, whether they do or do not have metastasis. 
Orchidectomy is performed in such a program when the full effect of 
irradiation has been obtained in the testicle and when the local reaction 
in the scrotum has subsided. In all their cases, regardless of whether 
the priinar}’ tumor is removed or irradiated and whether demonstrable 
metastasis is present or not, a full series of treatment with roentgen ra)'s 
is always administered and is always understood to include treatment 
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by maximal dosage through both the anterior and tlie posterior portals 
of all the lymph gland-hearing regions on each side, from the pelvis to 
the diaphragm. The thorax is not treated unless there is roentgenologic 
evidence of involvement in this region or unless palpable supraclavicular 
lymph nodes are present. Under such circumstances the thorax and 
the neck are included in the roentgen treatment. Graves and Lawrence 
say that surgical dissection of retroperitoneal glands should be reserved 
for those unusual and desperate instances in which the malignant tumor 
is of a type resistant to radiation, as evidenced by its response .to treat- 
ment or by the pathologic report, if the testicle has been removed. 

Graves and Lawrence say that they have been making some excep- 
tions to the rule that irradiation should- be carried out first. In early 
stages of tumors, when only slight changes can be felt in the involved 
testicle and when the presence of a neoplasm can be suspected only, 
they think that prompt and early diagnosis cannot be obtained except 
by prompt and early orchidectomy. Graves and Lawrence emphasize 
the importance of careful technic in the performance of orchidectomy 
in the presence of malignant disease of the testicle, positive or suspected. 
By means of such technic the likelihood of widespread dissemination 
of that disease through manipulation of the tumor can be mininiized. 
They say that no more vicious tumor occurs in the male genitourinary 
system, and declare that there is none which is more readily dis- 
seminated, than carcinoma of the testicle. The}”^ prefer a somewhat 
more radical procedure than that commonly employed. lu all tie 
examinations and preparations for operation, the scrotal contents are 
treated with the utmost gentleness. The inguinal canal is opened first, 
Avithout inclusion of the scrotum in the incision, and it is opened ugi 
enough to permit adequate exposure of the spermatic cord at the eve 
of the internal inguinal ring. At this lei'el tlie cord is doubly ligate 
Avith as little trauma as possible and Avithout the application of clamps. 
It is then divided between the ligatures Avith the cautery oi cutting 
current. At this stage the incision can be extended dowuAvard su^^ 
ficiently to permit removal of the distal portion of the cord from i 
bed and to allow gentle enucleation of the testicle, with its intact 
from the caAdty of the scrotum. Great care should be taken ncrf ® 
incise the tunica vaginalis or to cut into the tumor at any pouu. 
procedure, according to GraA^es and LaAvrence, avoids all manipulatio 
of the malignant process until its lymphatic and Avascular connectioi 
with the body have been severed. 

Graves and Lawrence report a case in Avhich bilateral cm wa 
carcinoma of the testicle had afflicted a 33 year old patient, fhc 

52. Grave?, R. C., anti Lawrence, K. B. : Bilateral Embryonal 
the Testicle witii a Xote on the Technique of Orchidectomy for ^vlalignant 
T. Urol. 47:482-490 f.\pril) 1942. 



SCHOLL ET AL.— REVIEW OF UROLOGIC SURGERY 


151 


tumors were of large size and exhibited evidence of metastasis to 
retroperitoneal lymph nodes. Preliminary bilateral orchidectomy was 
done. Clinical disappearance of the metastatic disease followed the 
administration of high voltage roentgen ray therapy directed to the 
abdomen and pelvis. The patient was alive and without definite evidence 
of disease about ten months after treatment. 

Torsion of the Testicle . — Ownby and Atkinson state that torsion 
of the testicle should be more nearly accurately called “torsion of the 
spermatic cord.” Torsion is caused by a sudden axial rotation of the 
testicle or testes. This causes constriction of the blood vessels of 
the spermatic cord and results in an acute circulatory disturbance of the 
testes and adnexa. In 75 per cent of cases the patients are less than 21 
years old. Wallenstein is said to have found that in 144 cases the 
condition occurred on the right side and that in 142 cases it occurred 
on the left side. He also is said to have found 24 cases in which the 
condition occurred bilaterally. Pain — sudden, sharp and severe — is 
common. It usuall}’- follows some sort of muscular effort. As swelling 
increases pain becomes more severe. When the condition is recurrent 
pain ma)' be intermittent. Unilateral edema of the scrotal skin occurs 
early and is sharply limited to the side on which the torsion is exerted 
and extends up to the site of the twist, with fixation of the skin to the 
underl)dng scrotal contents. There is retraction of the scrotal contents 
upward, brought about b)' shortening of the cord. The epidid}-mis, if 
it is palpable, occupies an abnormal position in relation to the testis. 
In later stages, distinction between epididymis and testis is impossible. 
Elevation of the scrotum increases the pain; but when epididymitis is 
present such a procedure usually relieves the pain. The diagnosis 
frequently is erroneous. The most important factor is that the phj’sician 
consider the possibility that torsion may be present in ever>- case of pain 
and swelling in the scrotum. Possibility of the presence of torsion 
must be considered in ever}' case of inguinal swelling with which pain 
is associated, particularly if the testicle is not palpable in the scrotum. 
This , applies to every male from birth to old age. 

Ownb}' and Atkinson state that to be effective treatment must be 
instituted early. Detorsion rarely has been successful. Although the 
direction of torsion usuall}' is cloclavise on the right and counterclock- 
wise on the left, there is no certainty that these conditions will be present 
in any given case. As an emergency procedure, detorsion may be 
attempted, but such an attempt should be gentle. Even if the detorsion 
is sucessfully effected, surgical exploration of the testicle and orchid- 
opexy or orchectomv are indicated, ty'hen either of the procedures is 
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performed the contralateral testicle should be anchored, since the same 
anatomic conditions predisposing to torsion usually are present in that 
testicle. 


Blood Supply . — Colder and Wildbolz discuss tbe blood supply 
and anastomosing vessels of the testis and epididymis. They report an 
investigation carried out on 54 testicles that had been obtained by 
surgical removal or at necropsy. After initial experiments to determine 
the choice of the dye and the roentgenographic methods to be used, 
optimal results were gained by injection of a mixture of a colloidal 
suspension of thorium dioxide (thorotrast) and methylthionine chloride 
U. S. P. (methylene blue) into the arterial system; in most cases the 
mixture was injected into the internal spermatic artery. In cases in 
which conditions were favorable the whole system (internal and external 
spermatic artery, deferential artery and pampiniform plexus) became 
clearly visible- in the stereoscopic roentgenogram. Colder and Wildbolz 
describe a number of variations of the blood supply. First, the internal 
spermatic artery reaches (or its main branches reach) the testicle in 
the middle third of its posterior aspect. The further course inside the 
testicle takes .place in one of the following ways : ( 1 ) without further 
division, through the middle of the parenchyma of the testicle from the 
back to the front aspect, (2) by passing down the posterior aspect 
around the inferior globe, (3) by entrance through the tunica albuginea 
in two main branches, one following type 1 and the other following type 
2, (4) by splitting up into several branches, penetrating on different 
heights on the back aspect, and (5) by division into several branches 


immediately after entrance through the tunica albuginea. 

In a second variation of the blood supply, anastomoses of the 
internal spermatic artery with the deferential artery occur accoidmg 
to the following main types : ( 1 ) When anastomosis is external, t le 
deferential artery connects with a branch of the internal spermatic artery 
over the posterior aspect of the epididymis, and (2) when anastomosis 
is internal, the anastomosis lies inside the tunica albuginea. Two variants 
are possible: (1) connection in the superior and (2) ^connection 
the inferior testicular pole. In Bevan’s operation for undescen e 
testicle, during mobilization of the dystopic testicle it is necessary 
divide the vascular plexus of the internal spermatic artery as far as 
possible from tlie testicle in order to insure eventual anastomosis 
the deferential artery. In epidid 3 ’inectomy, the anastomosis m ^ j 
region of the lower portion of the epididymis which passes to tiic msi 


54. Colder, O. : Die Arterien des mcnsclilichen Hodens und Nebenliod^s, ' ^ 
Anastomosen und deren Bedeutung in dcr Chirurgie, Ztschr. f. nrol. ' ' 
Gyn.=ik. 45:406-422, 1940. Wildbolz, H.: Die Arterien des 
und Nebcnliodcns. (Xachwort zu der Arbeit von O. Colder), jbid. 4C. » 
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of tlie testicle must be ligated as far as possible from the testicle. 
Ligations eventuall}’ necessarj' in the tunica albuginea may lead to liga- 
tion of the internal spermatic arter}’- and therefore to partial or total 
necrosis of the testicle. Colder and Wildbolz consider the results of 
these e.xperiments on the blood suppl}' to be of great value in the 
performance of epididymectom\'. The}' say that in recenth" reviewed 
cases orchidectomy has been much more common than epidid)'mectomy, 
even in cases of epididymitis. 

There have been two objections to the performance of epididym- 
ectomy. First, in inflammatory diseases, especially in cases of 
tuberculosis, it was thought tliat the testicle also became infected early 
in the course of the disease and that epididymectomy was not sufficient. 
This has been disproved b)’’ pathologic and anatomic investigation. 
Second, it has been said that atrophy of the testicle occasionally results 
after epidid3’mectomy. According to Colder and Wildbolz, careful 
surgical technic and presentation of the blood supply will prevent this. 

The greatest danger to the testicle from injury to the vessels does 
not arise in separation of the superior globe, but in isolation of the body 
of the epididymis. Incision must be made ver}- close to the epididymis 
in order to presence the internal spermatic artery, which enters the 
posterior part of tlie testicle in tlie middle third portion. Hemostasis 
must be carried out carefully, because the spermatic artery and its 
branches sometimes adhere very closely to the testicular capsule. 
Ligation of the vessels must be superficial and carried out with small 
instruments. The same care must be taken in removal of the inferior 
portion of the epididymis, since in some cases there is a variation in the 
course of the spermatic artery, and it may enter at the lower portion of 
the testicle. 

Infertility. — Cham}’’ and IMeranze,®'’ in discussing biopsy of testicular 
tissue in cases of male infertility, say that it is an innocuous procedure 
and that it should be established as a routine procedure in these cases. 
Failure of tubular development is indicated histologically by the presence 
of small tubules which are filled with undifferentiated cell forms. 
Peritubular fibrosis is not present. Degenerative lesions, if acute, can 
be recognized in biopsy of testicular tissue by the presence of necrosis 
and desquamation of the tubular epithelium. If the lesions are long 
standing, peritubular fibrosis is a distinct feature and signalizes either 
the end stage of an inflammator}’’ process or the replacement fibrosis 
which results from shrinkage of the tubules. 

The presence of peritubular fibrosis suggests severe damage to the 
youngest epithelial cells of the tubules, and this damage probably has 

55. Charny, C. W., and ^feranze, D. R.: Testicular Biopsy : Further Studies 
in Male Infertility, Surg., Gynec. & Obst. 74:S36-S42 (Apn ) 
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affected their regenerative potentialities. The administration of an 
estrogen or an androgen, sucli as dietliylstilbestrol or testosterone 
propionate, induces tubular degeneration, both in the hypersexual male 
and in the patients with hypogonadism, Charny and Meranze say that 
the majority of male patients of relative infertility have no endocrine 
disturbances. Deficiencies in their semen are the results of degenerative 
lesions of the seminiferous tubules caused by either regional or con- 
stitutional inflammator}- or toxic processes. Endocrine therapy, they 
declared, is not indicated in such instances. 

Tumor of Epididymis . — ^Friedman and Grayzel report a case in 
which tumor of the epididymis afflicted a 57 year old man. On exami- 
nation the left testicle was found to be about four times normal size. 
The epididymis Avas ston}'' hard, and the cord was thickened. Orchid- 
ectomy was done, and a diagnosis was made of “fibrous myoma of the 
epididymis.” Friedman and Grayzel summarize data of thirteen col- 
lected cases and find that the average age of the patients was 44 years. 
The usual history was that of gradual increase in the size of a painless 
scrotal tumor. In most cases the tumor w'as hard, round, nodular and 
not tender. The treatment is epididymectomy. If the testicle is found 
to be involved, a frozen section should be prepared and studied 
histologically before complete removal of the epididymis and castration 
are attempted. 

O’Brien reports a case of primary sarcoma of the epididymis. 
He states that there are, inclusive of his report, only 92 cases recorded 
in the literature. The role trauma plays in the causation of tumors of 
the epididymis and testicle, a subject of controversy, is significant, he 
says. The train of events in O’Brien’s case, as well as in the cases of 
others, justifies this opinion. In all cases of scrotal or testicular injuiy 
the patient should be kept under prolonged observation. In O Brien s 
case, a fibrosarcoma developed within six months after the patient had 
sustained a violent blow to the scrotal region. Metastasis to bone ma) 
occur to an unpredictable degree. The usual sites of localization are 
the lumbar vertebrae and, to a lesser extent, one distant bone or more. 
In no case referred to by O’Brien w'as there such rapid and widespread 
dissemination as occurred in his own case. 

Cyst of Epididymis . — Baird reports a case in which a cyst of the 

epididymis became twisted on its pedicle. The patient was a boy of 

56. Friedman, H. H., and Grayzel, D. M.: Myomatous Tumors of the Epi- 
didymis, J. Urol. 47;475-481 (April) 1942. 

57. O’Brien, M. G. ; Primarj- Sarcoma of the Epididymis: Case Report, J- 
Urol. 47:311-319 (March) 1942. 
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15 years who complained of pain in the left groin and also of swelling 
and pain in the left side of the scrotum. At operation a small intra- 
vaginal purplish cyst was found below the testis; it was joined b}' a 
short pedicle to the tail of the epididymis. The pathologic diagnosis 
was “benign cyst of the epididymis.” Operation is the treatment of 
choice in similar cases of torsion of the appendages of the testis and 
epididymis. Baird quotes Randall’s statement: “The operation is so 
simple, and so devoid of any serious complications, that it should always 
be advised. . . . The question of consen’-ative — nonoperative — 

treatment is ill-advised; (1), because no local treatment relieves the 
distress; (2), because detorsion and recurrent attacks are possible; 
(3), because the nonoperative recovery can take longer than the 
operative removal and convalescence.” 

Calcification of Fas Deferens . — Lowsley and Riaboff review 32 
cases of calcification of the vas deferens, ampulla of the vas and seminal 
vesicle (31 taken from the literature and 1 case of his own). Their 
study reveals that this condition may occur at any age of the patient, 
from youth to senility. The youngest patient who had the condition 
was 14 years of age; the oldest was 81 years old. In 12 cases, or in 
more than a third, calcification had occurred after the patients had 
reached the age of 60 3’ears ; in 5 cases the patients were between the 
ages of 50 and 60 years ; 3 patients were in the fourth decade ; 1 was in 
the third decade, and 3 were in the second decade. Of the 32 cases 
studied, tlie condition was found at necrops}' in 21. In 1 case it ■\\as 
found at operation, and in only 10 cases, including Lowsley and Riaboff s 
case, had the condition been diagnosed clinicalh' in the living patient. 


PENIS 


Plastic Induration . — Yolavsek®” reports 198 cases of plastic indu- 
ration of the penis from the Dermatologic Clinic of Vienna. The 
reaction of connective tissue to local hi-pertroplw is one of the rnost 
common causes of this condition, and in addition there are -various 
irritative factors which are important, such as mechanical trauma and 
disturbance of circulation to the tissues. Of all the patients. 4.6 per 
cent had an associated digital Dupui’tren s contracture. On the other 
hand, 34 per cent of the patients who had Dupuytren’s contracture also 
Iiad plastic induration of the penis. Of the patient^s treated with radium. 
32.8 per cent progressed to complete recover}- ; 47 per cent were part y 
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healed, and the condition of the rest was not influenced. In those cases 
in which definite calcification or ossification had occurred, it was neces- 
sary to remove calcified tissue by surgical operation. Volavsek says that 
in his opinion radium provides the best results of any type of treatment. 

Phimosis. Hoffmann reports a case in which complete phimosis 
developed after circumcision of a 4 week old baby. Urinary stasis 
occurred, necessitating a second operation. 

Periurethral Extravasation . — Steller discusses some anatomic 

aspects of the periurethral fasciae. He distinguishes three different 
layers. First, he disagrees with the descriptions of some other observers, 
who have reported complete involvement of the penis and scrotum by 
a continuous fascial layer. The first of the three layers of fascia reported 
by Steller is Colies’ fascia, which is composed of the superficial 
abdominal fascia, the cremasteric fascia, the superficial perineal fascia 
and the penis. He states that the scrotum has no fascial layer corre- 
sponding to this complex group and remarks that this grouping of 
fasciae is important in the localization and spread of urinary extrava- 
sation. The second layer of fascia consists of the aponeuroses of the 
internal and external oblique muscles, the suspensory ligament of the 
penis, the external periosteal layer of .the pubic bone and the external 
sheet of the urogenital diaphragm. The third fascial layer is composed 
of the fascia of the transverse abdominal muscles, the internal periosteal 
layer of the pubic bone and the internal sheet of the urogenital 
diaphragm. 

In 90 per cent of cases of periurethral urinary extravasation, stricture 
of the urethra was found. Extravasation occurred usually just distal to 
the point of the lesion. Seventy-five per cent of the patients earlier had 
had gonorrhea. Further development of the pathologic processes, says 
Steller, depends on the extent of the urinary infection. Ammoniacal 
decomposition of the urine, which commonly is present, is said to favor 
an anaerobic type of infection (usually caused by Borrelia refringens). 
The spread of the extravasation is greatly increased by the movement 
and position of the different layers of periurethral fascia. Steller also 
describes three different types of spread of extravasation. In the first 
the infection starts from the bulbous portion of the urethra and spreads 
by means of the superficial fascia and the skin. This results in 
infiltration of the perineum,' the scrotum and the inguinal and pubic 
regions. The prognosis is good. In the second infection occurs in the 

61. Hoffmann, W. : Schwielenbildung und 'Verengerung des Harnrohrencin 
gangs nach Phimosenoperation, Schweiz, med. Wchnschr. 70:142-143 (Feb. 
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membranous portion of the urethra, and the infection spreads between 
the two sheets of the urogenital diaphragm. Later, rupture of the 
diaphragm occurs, either outwardly or inwardly ; at times accompanied by 
infiltrations of the pelvic organs. The prognosis is bad. In the third 
infection spreads from the prostatic urethra, with infiltration of the 
organs of the pelvis, not uncommonh* causing death of the patient. 
The treatment of all patients is incision of the extravasated region and 
drainage of the bladder; but neither is sufficient without the other. 

THER.VPV WITH SULFOXAMIDE COMPOUXDS 

Hendricks,®^ in discussing changes in the blood resulting from tlie 
administration of sulfonamide compounds, states that in 40 per cent 
of 433 patients who received one or more of these compounds mild to 
severe anemia developed. The percentage of total instances of anemia 
was about the same for sulfanilamide, sulfapyridine and sulfathiazole. 
Infants and children who received sulfanilamide or sulfapyridine were 
more susceptible to severe anemia than were adults. Although anemia 
developed among 50 per cent of infants and children who were treated 
with sulfathiazole, no severe or moderately severe changes occurred in 
any. In all age groups, severe or even moderately severe anemia 
occurred less frequently when sulfathiazole was administered than it 
did when sulfanilamide or sulfap 3 Tidine was employed. 

The number and severity of the various t}'pes of anemia were not 
dependent on the total doses received b}' the patients, the duration of 
treatment or the concentration of the drug in the blood. Therefore 
Hendricks concludes that the administration of small doses for a longer 
period than is usual is no insurance against the development of anemia. 
Leukopenia developed among 2.3 per cent of patients, and in 4 cases 
leukopenia proceeded to agranuIoc)’tosis, with 2 deaths. Hendricks 
said tliat blood counts must be made routine!}’’ every two to three dars 
during the entire course of treatment with any of the sulfonamide com- 
pounds. Since reactions ma)”^ occur after cessation of therapy, patients 
should be kept under sur\'’eillance after treatment has been discontinued. 

Keitzer and Campbell report 1 1 cases in which renal complications 
appeared secondary to the administration of sulfadiazine. Complications 
Usually appeared b)’’ the seventh day of administration of tliis drug. The 
average daily dose was 5.5 Gm. The average concentration of the drug 
in the blood was 1 1 mg. per hundred cubic centimeters. This suggests 
that a safe dose is 4 Gm. a day and that a safe concentration of the drug 

63. Hendricks, C. B.: Sulfonamide Compounds: Blood Changes Thercirom. 
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in the blood is one of not more than 8 mg. per hundred cubic centimeters. 
They believe that sulfadiazine, since it is better tolerated by the stomach, 
is a more dangerous drug in respect to its power to produce renal 
complications than are others, because physicians are more likely to be 
less vigilant when a drug appears to be well tolerated. Keitzer and 
Campbell advise the following method of treatment in any type of renal 
complications caused by sulfonamides; 

1. Administration of the drug should be halted immediately at the 
first sign of hematuria, renal colic or oliguria. 

2. Fluids should be forced. 

3. If oliguria is present, with an output of urine of 500 cc. or more, 
a delay of from twelve to twenty-four hours before cystoscopic exami- 
nation is undertaken, in the hope that diuresis will relieve the situation, 
may be tried. 

4. Cystoscopy and catheterization of the ureters should be carried 
out immediately when oliguria persists or anuria is present. 

5. The ureteral catheters should be left in place as indwelling 
catheters for from twenty-four to forty-eight hours, until the return flow 
of urine is clear. 

6. Kidneys should be irrigated with a warm 2.5 per cent solution 
of sodium bicarbonate or with a warm isotonic solution of sodium 
chloride. Keitzer and Campbell have at times alkalized the patient intra- 
venously as well as orally. 

7. Retrograde pyelograms should be made prior to withdrawal ot 
the catheters. 

Huber reports a case in which anuria occurred secondarily to the 
administration of sulfapyridine. Both ureters of the patient were com 
pletely filled with crystals. Ureteral catheterization was carried out, 
but death resulted from cardiac failure. 

Cook °° reports his experience with sodium sulfathiazole in the treaty 
ment of approximately 200 patients who had infection of the iirinar) 
tract. He used a dose of from 20 to 60 Gm. daily for a period o six 

to ten da 3 ’s and found that (1) gram-positive organisms were affecte 
equally well except for members of the genus Pseudomonas, which were 
most obstinate to treatment, and that (2) gram-positive cocci, excep 
for Streptococcus faecalis, all responded satisfactoril)^ Cook also no • 
that the drug exerted its efifects ver)"^ promptly, on account of it-s rap 
absorption, and that its to.xic effects were almost nil. 
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Helinliolz is of tlie opinion that the ideal urinar}- antiseptic agent 
has not been found. Theoretically it should be one that would act in 
a urine of any reaction and one that would be excreted by the damaged 
kidne}' in a bactericidal concentration. Although it is not ideal, sulfa- 
thiazole is bactericidal for six of the most common bacteria found in 
infections of the urinary tract. He found that a concentration of the 
drug in the blood of 200 mg. per hundred cubic centimeters was 
sufficient for the cure of practical!}- all infections e.xcepting those caused 
by members of the genus Pseudomonas, which probably will require the 
concentration in the blood to be 300 mg. per hundred cubic centimeters. 
He found that the effectiveness of the drug for the various bacteria (on 
an ascending scale) is as follows: Pseudomonas aeruginosa, Str. 
faecalis, Escherichia coli, Aerobacter aerogenes, Proteus ammoniac and 
Staphylococcus aureus. He also noted that there was some variation in 
the effect of the drug at various values for />h, and that this characteristic 
was particularly marked in the case of Streptococcus faecalis. 

By experiments in vitro on the Str. faecalis, Helmholz undertook 
to determine the efficacy of sulfatliiazole in the treatment of urinar}" 
infections. For this purpose he carried on a series of e.xperiments with 
urine at a of 6.5, 6.0. 5.5 and 5.0, and with concentrations of 10, 20, 
30, 50 and 100 mg. of the drug per hundred cubic centimeters of urine. 
For controls, he used drug-free specimens of urine at hydrogen ion 
concentrations of 5.1, 5.0, 4.9 and 4.8. He found that there was a sharp 
dividing line in the growth of streptococci in tlie controls in urine at a 
pH behveen 5.0 and 4.9. At a pn of 5.1 and at a pn of 5.0 there was 
marked growth in all experiments, whereas at a pn of 4.8 there was 
absolutely no growth. Thus, by means of acidit}" alone Helmholz was 
able to obtain a bactericidal effect on Str. faecalis. He also found that 
at a Pn of 5.0 there was growth of practically all strains of Str. faecalis. 
but that the addition of only 10 mg. of sulfathiazole produced a 100 
per cent bactericidal effect. At a pn of 5.5 there was some inhibition of 
growth at all concentrations of the drug from 10 to 100 mg. per hundred 
cubic centimeters. At a pn of 6.0 bactericidal activity was present only 
with concentrations of 50 and 100 mg. of the drug. At a pn of 6.5 no 
bactericidal or bacteriostatic activity occurred with concentrations of 
10, 20 and 30 mg. of the drug, and only slight bacteriostasis was noted 
with concentrations of 50 and 100 mg. Helmholz also studied the 
relative effects of 100 mg. of sulfatliiazole and sulfanilamide on three 
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strains of Str. faecalis at a pn of 5.5, of 6.0 and of 6.5, and noted that 
when sulfanilamide was employed the streptococci grew out abundantly, 
whereas when sulfathiazole was used the number of colonies was reduced 
in all three strains at a pu of 5.5 and in two strains at a p^ of 6.0 and 
of 6.5. Helmholz deduces, on the basis of these experiments, that 
growth of Str. faecalis in urine is inhibited at a pu of 4.9 and that sulfa- 
thiazole has a greater bactericidal action when the pn is low. Further- 
more, he is of the opinion that sulfathiazole is definitely superior to 
sulfanilamide in its bactericidal action on Str. faecalis. 

Fisher and Haag state that sulfacetimide administered orally to 
mice and dogs appears to be about a fourth as acutely toxic as sulf- 
anilamide similarly administered. Doses of 5 Gm. of sulfacetimide per 
kilogram of bod}'' weight administered orally to dogs were better 
tolerated, that is, produced fewer signs of acute poisoning than were 
observed among the same dogs after the administration of 2 Gm. of 
sulfanilamide per kilogram of body weight. 

The rate of growth of young rats maintained on a diet containing 
1.5 per cent of sulfacetimide showed no significant I'etardation as com- 
pared to that of control animals maintained on a similar diet not con- 
taining the drug. Two dogs which received 0.4 Gm. of sulfacetimide 
per kilogram of body weight daily .for eleven weeks exhibited no loss 
of weight, no significant changes in the number of leukocytes or eiydhro- 
cytes or in the value for hemoglobin, and no demonstrable pathologic 
changes in the liver, spleen, kidneys, adrenal bodies, stomach or 
intestines. The daily administration of 1 Gm. of sulfacetimide per 
kilogram of body weight was not tolerated for eleven weeks by 2 of 
dogs for which such a regimen was initiated. Although necropsy o 
the 2 dogs did not reveal causative anatomic changes in the kidneys, 
results of studies of blood chemistry suggested that failure of tie 
excretory function of the kidneys was probably responsible in large 
degree for the death of the 2 animals. The 1 animal living at the eii 
of the eleven week period was not found to have any abnormalities^ o 
the tissues at necropsy. Among mice and dogs, a given concentration 
of sulfacetimide in the blood is less likely to be accompanied by signs o 
intoxication, regardless of the dose required to produce this concen- 
tration, than is a similar concentration of sulfanilamide in the b oo . 
Fisher and Haag believe that there is evidence which ■ suggests t la 
sulfacetimide is more readily absorbed and eliminated by the mouse an 
by the dog than is sulfanilamide. 
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Schultz, Shidler and Niebauer report a case in which acute urinar}- 
suppression followed the use of sulfadiazine. The}'' report the signs and 
symptoms of beginning renal failure during the period of use of sulfa- 
diazine as being microscopic and gross hematuria, cr)'stalluria, pain in 
the abdominal region and the flanks, a decreased output of urine and 
nausea and vomiting. Their treatment consists of the forcing of fluids 
and of alkalization of tlie urine. If the output of urine decreases con- 
siderabl)% C3'stoscopic examination, ureteral catheterization and lavage 
are immediately indicated, with the institution of continuous urinary- 
drainage by means of indwelling ureteral and vesical catheters. Subse- 
quently, tlie renal pelvis should be irrigated with a 2 per cent solution 
of sodium bicarbonate ever}'’ three to four hours. Catheters are to be 
removed when tbe output of urine has returned to normal. The 
deposition of sulfadiazine crystals in the renal pelves and ureters pro- 
duces mechanical anuria. Sodium bicarbonate in amounts sufficient to 
alkalize the urine should be administered simultaneously with sulfa- 
diazine. 

Newman and Shleser report a case of renal calculus due to sulfa- 
pyridine and sulfanilamide. The patient, a man 38 years old, had 
received these drugs for pneumonia. Two years later a roentgenogram 
revealed the shadow of a large renal calculus in the right renal area. 
The urine contained blood cells, and culture disclosed bacilli of the genus 
Proteus. At operation two stones were removed from the pelvis of the 
kidney; they were of the earthy, phosphatic type. Chemical analysis 
revealed large quantities of sulfonamide compounds mixed with the 
protein. 

Winsor and Burch discuss the renal complications which can 
follow sulfathiazole therapy and report 6 cases which illustrate some 
of the renal problems encountered in such therapy. Injury has been 
noted as resulting more from sulfapyridine therapy than from sulfa- 
thiazole therapy. This situation most probably is due to the fact that 
the latter drug has been used for only a relatively short time. It is too 
early to evaluate the status of sulfadiazine and sulfaguanidine, so far 
3S renal damage is concerned. Sulfanilamide appears to be much less 
likely to injure the kidneys seriously. Winsor and Burch do not beliey e 
that the diagnosis of renal damage is difficult. The appearance of 
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hematuria, oliguria, backaclie, tenderness over one or both renal areas, 
decreased renal function, azotemia and progressive nepbromegaly in a 
patient who has receiA^ed sulfathiazole should make the physician suspect 
that renal damage has arisen from the drug. Cystoscopic study usually 
will establish the diagnosis. Sulfathiazole crystals in the urine may aid 
in establishment of the diagnosis, but their presence alone does not mean 
that renal damage has occurred. Roentgenologic study usually will not 
reveal uroliths unless there is calcification, which is rare, '\^hnsor and 
Burch warn that because of the tendency of sulfathiazole to injure the 
kidne)^s it is necessaiy to employ the drug cautiously. First, the physi- 
cian should determine whether or not the patient has had medication 
with a sulfonamide compound before. If the history is not reliable, it is 
advisable to determine the concentration of the drug in the blood and 
to prescribe accordingly. This will tend to prevent overdosage and to 
reduce the likelihood of injury to the kidneys. Second, the state of the 
patient’s renal function and the nature of the urine being excreted should 
be evaluated before the physician begins to administer the drug. Thiid, 
the status of hydration of the patient should be evaluated. A seveiely 
dehydrated patient will take in much fluid and excrete but little anc 
therefore will be more likely to experience renal damage. Fourth, an 
alkaline urine tends to reduce the formation of crystals, and if the use 
of alkalis and the maintenance of an alkaline urine are not contraindicatec 
in a particular case, it would be well to administer alkalis and to maintain 
an alkaline urine. Fifth, there is some evidence to indicate the deve op 
ment of hypersensitivity to sulfonamide compounds. It is well, therefore^ 
to be extremely cautious and particularly vigilant in the treatment o 
patients who already suffer from a form of allergy. Administration o 
the drug should be stopped immediately, once the slightest evi ence 
of renal damage is discovered. Winsor and Burch recommen^ tia 
fluids be administered in large quantities. Ureteral catheteiization 
should be carried out promptly, and the catheter should be allowe n 
remain in place until a normal volume of urine flow has been rees < 
lished. The renal pelves should be irrigated at two hour interva s avi 
A varm (107 F,, or 41.6 C.) distilled Avater. Diuretic agents shoul 
the form of large quantities of fluid and, if necessary, 
tions of dextrose. If possible the use of magnesium sulfate s ^ 
aA'oided, because it predisposes to the formation of sulfhemoglobm , n^_^ 
may be used intraA’enously if cyanosis is not present and^ if the o ig 
persists after other measures to induce diuresis haA^e failed, t cr 
and acid diuretic agents should not be used. The patient 
maintained on an alkaline ash diet, and the urine should be kept a ’a 
Avith the use of sodium bicarbonate. The intake of protein s 
restricted for four or five days, or during the period of severe o i„i 
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hematuria and azotemia. Fluids should be administered in large 
quantities for many days after the kidney’s have returned to normal. 

Lindner and Atcheson state that the use of sulfathiazole may lead 
to very serious renal sequelae, and that the physician ahvays should be 
alert to detect these sequelae vhen the drug is used. The patient’s 
urine should be checked daily as to volume of output, hematuria, crj-stals, 
albuminuria and casts ; and the intake of fluids should be known. Sulfa- 
thiazole is rapidly excreted in the urine and tends to precipitate, espe- 
cially if the urine is acid. In use of the drug, care must taken to see 
that sufficient fluids accompany it. Lindner and Atcheson point out tliat 
the concentration of sulfathiazole in the blood does not indicate the degree 
to which the crystals are precipitated. Sulfathiazole concretions are not 
radiopaque. The crj’stals tend to produce multiple hemorrhages through- 
out the renal parenchyma and mucosal linings. Such hemorrhages 
may even be of advanced degree, with massive destruction of paren- 
ch 3 -ma. The crystals ma}-' produce anuria by mechanical block in the 
ureters, but it is more likely that the serious blockages are those which 
occur in the tubules. Lavage and removal of blockage at the lower level 
will lead to an increased output of urine, up to a certain point. Lindner 
and Atcheson report that the best therapy at present is renal lavage 
carried out with warm water by means of ureteral catheters supple- 
mented b)' the forcing of fluids, alkalization of the urine and the use 
of heat. 

Hughes, Sayen and LaTowsky state that a collection of crystals 
of sulfadiazine forming actual urinar}' calculi may occur in the urinar}’ 
tract. Obstruction to the flow of urine may or ma)' not occur because of 
these collections. If obstruction does occur, it can be treated successful!} 
by bilateral ureteral catheterization and the forcing of fluids. In the 
reported case, the urine was persistently acid. It has been shown that 
sulfadiazine is less soluble in acid urine than in alkaline urine. Mainte- 
nance of an alkaline urine might have aided in prevention of the com- 
plication of crystal agglomeration. 

URINARY INFECTION 

Heldfond presents an anal)’sis of 145 cases of pyelonephritis of 
pregnancy and compared the results obtained, with various chemothera- 
peutic agents. The distinct superioriy of sulfonamide compounds was 
demonstrated, and of those used sulfapyridine was found to be the least 
effective and sulfathiazole by far the most effective. 

H. Lindner, H. J.. and Atcheson, D. W.: Sulfathiazole Cn-stallization in the 
Kidney, J. Urol. 47:262-266 (March) 1942. 

75. Hughes, P. B.; Sayen, J. J.. and LaTowskw, L. W.: Sulfadiazine Calculi 
in Uie Urinarj- Tract: Report of a Case, T. Urol. 47:274-2/6 (March! 1942. 

76. Heldfond. A.: The Treatment of Urinary Tract Infections of Pregnancy, 
'^’cst. J. Surg. 50:S2-S4 (Feb.) 1942. 
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DILATATION OF URINARY TRACT 

Treite ” states that all the cavities of the urinary tract may undergo 
congenital enlargement, such as hydronephrosis, megaloureter and mega- 
cystitis. There is no sharp demarcation, he said, between extreme dilata- 
tion and normal size. Occasionally, there are associated anomalies of 
other organs, such as dilatation of the intestinal tract (megaesophagus 
and megacolon, also called “Hirschsprung’s disease”). Enlargements 
of the female genital tract also have been noted, such as hydrometra 
and h)'drocolpos. Treite reported 13 cases of fetal enlargement of the 
bladder. The patients were observed in Stoeckel’s clinic in Berlin. 
From the genetic standpoint, the condition is divided into three types. 
First is megacystitis, an anomaly of genesis or so-called excess fonpa- 
tion, often associated with other excess formations of the urinary 
tract, such as hydronephrosis and hydroureter. The wall of the bladder 
shows an abnormal thickness, including both the muscular and the raucous 
layer, in spite of the size of the organ. Second is enlargement of the 
bladder by distention (constriction of the neck of the bladder and obstruc 
tion of the urethra). The walls are thin and smooth, without folds. 
Patients have been observed who exhibited formation of valves of the 
urethral orifice and also complete atresia of the urethral outlet. Secre 
tion of urine normally does not exist during fetal life; hence, true 
distention of the bladder can occur only postnatally or by marked distur^ 
bance of placental metabolism and circulation. Third, there are man) 
cases in which the walls of the bladder are definitely distended but m 
which no urethral obstruction is found. In these cases other mega 
formations of the urinary tract are rarely found, but not uncommon ) 
there is an associated megacolon. Distention of the bladder wi i 
anatomic reason usually is caused by functional factors of nervous origm, 
such as (1) h)^perfunction of the sympathetic nerves, (2) persistenc 
of the aorticolumbar paraganglion (Zuckerkandl’s organ) and (3) me 
vention of the hypogastric nerve. Treite also considers that 
pregnant women hormonal factors may cause distention of most o 
organs of the female pelvis. 

UROGRAPHY 

Goldburgh and Baer report a case in which death 

the intravenous administration of 3,5-diiodo-4-pyridone-N-acetic^^^^^^ 

diethanolamine (diodrast). The patient was elderly and had 
of numerous conditions. She had had diabetes for fifteen years an 


77. Treite, P. : Zur Pathologic dcr angeborenen Harnblasencrwc' 

Ztschr. f. Urol. 35:117-140, 1941. 

. , Tntr.ivcnous 

7S. Goldburgh, H. L., and Baer, S. : Death Following ' 
■Administration of Diodrast, J..A.Ar..-\. 118:1051-1052 (March 28) 
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been attending the cardiac disease, metabolism, arthritis and allerg}- 
departments of a hospital for years. A urogram was made with the 
intravenous technic because of a palpable, tender right kidney. The 
patient had no difficulty, and nine days later a second urogram was made 
with the same intravenous technic. A few drops of a mixture of the 
aforementioned contrast medium was placed under the patient's tongue ; 
this procedure caused no reaction. Then 25 cc. of a 35 per cent solution 
of the contrast medium was injected within a period of seven minutes. 
Five minutes later unconsciousness developed, and the patient died 
twenty minutes after the beginning of the injection. Goldburgh and 
Baer consider that her death was due to the anaphylactic reaction which 
tollowed the intravenous injection of the contrast medium. Cases occa- 
sionally are reported, of the occurrence of death after excretory 
nrograph}-. Study of most of these cases suggests that an anaphylactic 
reaction resulted. Goldburgh and Baer suggest that a detailed histor}' 
with special inquir}- as to allerg}- should be taken and that the patient’s 
sensitivity should be tested before excretoiy- urography is attempted. 

Tzschimtsch discusses injuries which can follow retrograde 
pyelography. He states that damage to the renal parenchyma may result 
from distention of the renal pelvis and also that the mucosa of the renal 
pelvis may be injured b}- the medium, either by corrosion of the mucous 
membrane or by resorption of the metallic elements in the solution. 
Injury caused by the ureteral catheter is much more frequent than injury 
caused by the injected solution. Tzschimtsch reports 2 cases in which 
injury to the calices had been inflicted by ureteral catheters. The damage 
was proved at operation. In both cases the mucosa of the calices was 
perforated by the catheter. This was followed by deposition of contrast 
medium in the renal parenchyma. In 1 of these cases there was evidence 
of sclerosis and destruction of the involved renal tissue. In the second 
case there was complete absorption of the injected material, but secon- 
dary renal stones developed some years later. In both cases there were 
typical clinical manifestations of reaction to the injection. A sharp pain 
occurred immediately after the injection of 2 or 3 cc. of the contrast 
medium and was followed by serious renal pain and infection which 
persisted for several weeks. According to Tzschimtsch perforations b}- 
catheters can be avoided if physicians will be careful never to use a 
ureteral stylet. Also, the ureteral catheter never should be passed be}-ond 
the lower part of the renal pelvis. This region can be determined b}- 
noting the markings on the catheter and by the regularity with which 
urine drips from the tip of the ureteral catheter. 

'9- Tzschimtsch, K.: Die instrumentelle Schadigung der Xiercn durch die 
retrograde Pyelographie, Ztschr. f. Urol. 35:69-77. 1941. 
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ANESTHESIA 

Townsend maintains that anesthesia produced with pentothal 
sodium has been shown to be safe as or safer than anesthesia produced 
with other agents when it is employed for almost all types of urologic 
surgery. The only contraindication would seem to be extreme youth. 
The careful administration of pentothal sodium is absolutely essential 
to satisfactory results. The advantages of anesthesia produced by 
pentothal sodium have been shown by use of the method in cases of 
respiratory diseases. He states that the dangers of explosion in the 
operating room are entirely eliminated when this type of anesthesia 
is used. It is also the most pleasant type of anesthesia from the patient s 
point of view. 

TRANSMISSION OF GENITAL TUBERCULOSIS 
Schmid reports a case of transmission of tuberculosis. Six weeks 
after intercourse, the patient had a tuberculous ulcer of the vulva, and 
on examination it was found that her partner had tuberculous prostatitis 
and vesiculitis seminalis. 


HEMATURIA 

Weyeneth,®^ in discussing the differential diagnosis of hematuria, 
reports 2 cases in which difficulties in diagnosis were encountered. In 
case a papilloma was situated in the upper part of the ureter ; in the other 
a pseudocyst filled with blood was found in the capsule of a kidney. This 
pseudocyst apparently had developed after trauma. Treatment consiste 
of nephrectomy in both cases. 


80. Townsend, J. M. : The Use of Pentothal Sodium in Urological Surgery, 
J. Urol. 47:235-239 (March) 1942. 

81. Schmid, M. : Primare Inokulationstuberkulose der Vulva durch Ko ^ 

tation, Schweiz, med. Wchnschr. 70:852-853 (Sept. 7) 1940. ^ 

82. Weyeneth, R. ; Diagnostic differentiel des hematuries a propos de eu ' 
cas rares, Schweiz, med. Wchnschr. 71:481-483 (April 5) ; 501-505 (April 1-) 
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EFFECTS OF LOWERING TEMPERATURE OF AN 
INJURED EXTREMITY TO WHICH A TOURNI- 
QUET HAS BEEN APPLIED 

ALFRED BLALOCK, Y.D. 

BALTIMORE 

In 10 experiments ^ performed recently in which a tourniquet was 
applied to a severely injured extremitj- for a five hour period and in 
which treatment consisted in tlie administration of blood plasma, it was 
found that death occurred in all instances and that the average period 
of survival was only fourteen hours. In 10 other experiments which 
were identical in execution, except that a tourniquet was not used, 8 
animals recovered and the remaining 2 lived four and twelve days, 
respectively. 

The present experiments were performed in order to determine the 
systemic effects of reducing the temperature of an injured extremity to 
which a tourniquet has been applied. 

METHODS AND RESULTS 

Procedure . — Large animals were used in all the experiments. Pain was pre- 
vented by the use of soluble pentobarbital U. S. P. (pentobarbital sodium) and 
morphine. Injury was caused by striking one of the posterior extremities many 
blows with a blunt instrument for five to eight minutes. A tourniquet was placed 
around the upper part of the injured thigh, and the extremity was surrounded by 
ice as soon as the traumatization was completed. The tourniquet was left in 
place for five hours. A total of 20 experiments was performed. In 10 of these, 
the intravenous administration of plasma was begun immediate!}' after the tourni- 
quet was removed. The total quantity of plasma injected corresponded to 5 per 
cent of the body weight of the recipient. With 2 exceptions, plasma was injected 
slowly over a five hour period. In the remaining 10 experiments no plasma was 
injected. In all the experiments the injured extremity was surrounded by ice for 
an eleven hour period. 

Trauma; Tourniquet; Cold; F/ax;»a. —E.xcept for the cooling of the 
injured part, these experiments were performed in the same manner 
as those reported previously, in all of which the animals died. In the 
present experiments 5 of tlie 10 animals recotered. 

""From the Department of Surgery of the Johns Hopkins University and Hospital. 

1 Duncali G W and Blalock. A.: The Effects ot the Application ot a 
Tourniquet on’ the General Response to Gross Trauma to an Extremity. Surger}-. 
to be published. 
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The Effects of Trauma to the Leg, Application of a Tourniquet, Cooling of the Injured Part and Intravenous Injection of Blood Plasma 
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The alterations in the hematocrit readings 'were variable; a dilution 
occurred in the majorit)’- of the studies. A marked decline in the rectal 
temperature took place in all the experiments. This vas undoubtedly 
due in part to the proximity to the rectum of the ice u'hich was encasing 
the injured extremity. The decline in rectal temperature usually 
occurred more rapidl}* after the removal of the tourniquet. As stated 
previously, 5 of the 10 animals recovered. The survival period of the 
remaining 5 ranged from fifteen to t\vent 3 ‘-t^vo hours. The average 
loss of fluid into the injured part in these experiments equaled 5.4 per 
cent of the body weight. The results of these experiments are given 
in table 1. 

Trauma; Tourniquet; Cold . — ^The other 10 experiments differed 
from those in the preceding group onh' in that the injection of blood 
plasma was not included. Four of the 10 animals recovered. 


Table 3. — Shoivhig the III Effects of a Tourniguet and the Beneficial Effects 
of Lozvering the Temperature of a Pari Distal to a Tourniquet 


Esperlmsntal 

Procedures 


Toumi- 

Xumber of quet 
Experi- Applied, 
ments Hours 


Plasma 

Therapy, 

Percentage Xumber of 
of Body Animals 
Weight Surviving 


.Average Regional 
Survival EiuJd Loss, 
Period of Percentage of 
Remainder Body Weight 


Trauma; plasma 
therapy (no tourni- 
quet) 

10 

Trauma; tourniquet; 
plasma therapy 

10 

Trauma; tourniquet; 
cold; plasma therapy 

10 

Trauma; tourniquet; 
cold (no plasma) 

10 


0 5 S 

5 5 to 10 0 

5 5 5 


Sdays .... 

1-1 hr. 7.S 

17 hr. 3G min. 5.12 

23 hr. 20 min. 5.11 


There was sn increase in the hematocrit reading in most of the 
experiments and also a great decline in the rectal temperature. As 
stated, 4 of tire 10 animals sundved. The sundval periods of the 
remaining 6 ranged from seventeen to thirty-eight hours, ffie average 
being approximately trventy-three hours. The average difference in 
the weights of tlie injured and of the noninjured parts in these experi- 
ments equaled 5.41 per cent of the body weight. The results of these 
studies are given in table 2. 

comment 

In the previous experiments reported by Duncan and me it was 
noted that the application of a tourniquet to a sei-erel.v traumatized 
extremitv for a period of five hours greatly decreased the diances of 
■ sundvalof the animal. The present experiments show that cooling of 
the part distal to the tourniquet lessens the ill effects oi shutting off 
and then releasing the blood supply to an injured part. The results 
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which were observed when the extremity distal to a tourniquet was 
cooled were almost as good as those noted when the application of ice 
was supplemented by the injection of plasma. The results of all these 
experiments are summarized in table 3, 

These observations, as well as those reported previously on crush 
injuries," indicate that the addition of local ischemia and anemia to 
trauma results in more deleterious effects than are caused by trauma 
alone. The general effects of trauma on the one hand and of trauma 
plus ischemia and anemia on the other may be very different. Further- 
more, the present results, the previous experiments on crush injuries 
and the observations of Allen ^ and of Brooks and Duncan ^ indicate 
that the harmful effects of a tourniquet will be lessened if the temperature 
of the part distal to the constriction is lowered by suitable means. This 
may be due to a slowing of metabolic processes or to a number of other 
alterations. 

The results of the experiments reported here indicate that the use 
of a tourniquet on an injured extremity should be avoided whenever 
possible, but that if some form of constriction is necessary the temper- 
ature of the distal ischemic and anemic part should if possible be lowered 
by artificial means. 

2. Duncan, G. W., and Blalock, A.: The Uniform Production of Experi- 
mental Shock by Crush Injury: Possible Relationship to Clinical Crush Syn- 
drome, Ann. Surg. 115:684, 1942; Shock Produced by Crush Injury: 

of Administration of Plasma and Local Application of Cold, Arch. Surg. 

183 (Aug.) 1942. . . 

3. Allen, F. M. : Surgical Considerations of Temperature in Ligated Lim . 

Am. J. Surg. 45:459, 1939. . , 

4. Brooks, B., and Duncan, G. W. : Effects of Temperature on Surviva o 
Anemic Tissue: Experimental Study, Ann. Surg. 12:130, 1940. 



DELETERIOUS EFFECTS OF ANOXIA ON THE 
LIVER OF THE HYPERTHYROID ANIMAL 


MONROE A. McIVER, M.D. 

AND 

ELEANOR A. WINTER, M.A. 

COOPERSTOWN, N. Y. 


It has been recognized for some time that persons with th 3 Totoxicosis 
and animals in which a state of h^'pertln'roidism has been artificial!} 
produced are particularly sensitive to anoxia. The extraordinary sen- 
sitivity of thyroid-fed rats to want of ox}'gen was first brought out by 
Asher and Duran, ^ who showed that animals with hyperthy roidism did 
not tolerate even minor degrees of anoxia. The behaUor picture presented 
bv the rats in their experiments was characterized by dyspnea, unrest and 
convulsive movements; the animals finally became unable to more, rrere 
obviously dangerously ill and died unless air was given. Normal rats at 
the same oxygen tension were relatively' unaffected. Streuli and Asher 
had earlier found the converse to be true, namely', that thyroidectomized 
rats were able to tolerate a lack of oxygen which brought normal animals 
to the point of death bv asphyxiation. In 1941 Barach and associates ® 
confirmed tlie work of Streuli and Asher, demonstrating that after 
thvroidectomy rats show a remarkable increase in resistance to low 
o.xvgen tensions, such as those encountered in high altitudes. In their 
experiments the majority of thyroidectomized rats survived for three 
weeks in a chamber in which the oxygen was kept at 6 per cent (cor- 
responding to an altitude of 31,500 feet [9.6 kilometers]), whereas 
normal rats kept in a similar atmosphere died in twelve to thiity'-six 

a survey of the literature no studies were found dealing particularly 
with the effects of anoxia on the liver during hyperthyroidism. That the 


From the Surgical Research Laboraton-, Mary Imogeue Bassett Hospitd 
1. Asher L and Duran, M.: Beitrage zur Physiologic der Drusen: XLIV. 

n ir 1. , ’ ’ „ tnit Scliilddrusensubstanz gefutterten und schild- 

Das Verhalten von normalen, nut ocnuuuiu ■rnfi.?:;'' low 

f — « CTtiprsfoffmancel, Biochem. Atscnr. luo.— a*,, IV— u. 

drusenlosen Ratten gegen reinen bauerstonman^e , 

or, .. .rr j T ■ Rpltrace zur Phvsiologie der Drusen : XXXVI. 

Das Verhahen vo’nTchilddrusenlosen, milzlosen, schilddriiscn- und milzlosen Tkren 

A o r , -R-ansr zur Theone der Bergkrankhcit, Biochem. 

bei 0 ;-Mangel, zugleich ein Iteitrag zur 

Ztschr. 87:359, I91S. ,r .-c - -c ■ . 

- n n A T • Frkman M , and Molomut. N. : Modification oi Resistance 

to AnoxinVth Especial Refe;ence to High .Mtitude Flying, Am. J. M. Sc. 202: 

336, 19tl. 
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liver in pai'ticular might suffer from want of oxygen seems reasonable. 
The cells of the liver are always nearer the point of asphyxiation than 
other cells of the body owing to the fact that only 25 per cent of their 
blood supply is arterial.^ It may be assumed that the increased demands 
on the liver for oxygen during hyperthyroidism ° leave a narrow margin 
of safety. Also, as shown in previous studies, the liver under conditions 
of hyperthyroidism is particularly susceptible to injury.® 

The present paper records our experiments on the effect of anoxia 
on the liver during artificial hyperthyroidism. 


METHOD AND MATERIALS 


The experiments were carried out on male albino rats having; an initial weight 
of between 150 and 175 Gm. The standard diet consisted of Purina dog chow, 
and in addition each rat was given 0.4 Gm, of yeast three times a week. Hyper- 
thyroidism was produced by the subcutaneous injection of erystalHne thyroxin ' 
daily over a period of approximately two to three weeks in doses of 0.1 mg. 

Autopsy was performed as soon as possible on animals that died, and blocks of 
tissue from the liver and other organs were fixed in Zenker’s solution and, in 
1.6 per cent solution of formaldehyde. Animals that were killed were given a 
sharp blow at the base of the skull; autopsy was carried out immediately. When 
determinations of glycogen were to be carried out, the liver was removed within 
thirty seconds; a portion of the liver was immediately fixed in absolute alcohol 
for subsequent staining with Best’s carmine, and the glycogen was determined 
according to the method of Good, Kramer and Somogyi.® 

The apparatus used in the experiments on anoxia consisted of a bell jar 8 
inches (20 cm.) in diameter and 12 inches (30.5 cm.) high set on a greased plate 
of ground glass and containing a wire gauze platform on which the rat was 
placed suspended over a pan of soda lime and calcium chloride, A two hole 
stopper at the top of the bell jar contained a thermometer and an exit tube.^ The 
bell jar was connected with a 40 liter spirometer which served as a reservoir for 
the gas mixtures used in the experiments. The mixtures \Vere made by diluting 
room air in the spirometer with nitrogen until the desired percentage of o.xygcn 
was obtained. The gas mixture from the spirometer was run continuously through 
the bell jar. Samples of the mixture were drawn at frequent intervals from the 


4. Best, C. H., and Taylor, N. B. : The Physiological Basis of Medical Pr.ic- 
tice, cd. 2, Baltimore, Williams & Wilkins Company, 1940, p. 468. 

5. Reinwein, H,, and Singer, W. : Studien fiber die Gewebsatmung : IV. Der 
Einfluss von Thyroxin, Adrenalin und Insulin auf den Sauerstoffverbrauch fiber- 
Icbendcr Lcberzellen, Biochem. Ztschr. 197:152, 1928. 

6. (a) Mclver, M. A.: Increased Susceptibility to Chloroform Poisoning 

Produced in the Albino Rat by Injection of Crystalline Thyroxin, Proc. Soc. Exper. 
Biol. & Med. 45:201, 1940. (b) Mclver, M. A., and Winter, E. A.: Further 

Studies on Increased Susceptibility to Chloroform Poisoning Produced m the Albin® 
Rat by Injection of Crystalline Thyroxin, J. Clin. Investigation 21:191, 1942. 

7. The crystalline thyroxin for this work was supplied by E. R. Squibb & Sons, 
New York. 

8. Good, C. A.; Kramer, H., and Somogj’i, M. : The Determination oi 
Glycogen, J. Biol. Chem. 100:485, 1933. 
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exit tube and analyzed on a portable Haldane apparatus in order to check the con- 
centration of ox 3 'gen. 

The rats were placed singly in the bell jar and subjected for varying periods 
to the low concentrations of oxygen. In the early experiments the periods of 
exposure were short, both for controls and for thyroxin-treated rats, and occurred 
on successive days. In the later experiments slightly higher percentages of oxj-gen 
were in general used; the periods of exposure were considerably longer and were 
completed in one day. 



Fig. 1. Section of tlie liver stained with hemato.xylin and eosin, taken from 

control rat 6 after anoxia of nine and a half hours’ duration. The concentration 
of oxj'gen ^vas 11.2 per cent. There is no evidence of damage to the liver. (!Magnifi- 
cation, X 100.) 

PRELIMIKAKV OBSERV.-t TICK’S OK* AK'Ur.-^LS RECEIVIK-G 
CRYSTALLINE THYROXIN 

The various statements concerning thyro.xin-treated rats are based on 
data acquired during the past two years on 1S6 rats. 
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The animals were usually kept for at least one week before the 
injeetions of thyroxin were started. This was done to make sure that 
they were all in healthy condition and to allow them to become adjusted 
to the laboratory environment. They were weighed three times a week, 
and their body temperatures were taken by rectum at the same time or 
in certain instances more frequently. 

While the animals were receiving daily injections of thyroxin, they 
remained in general in good condition, as judged by appearance, state of 
the hair and activity. 



Fig. 2. — Higher mngnification (x300) of the section shown in figure 1. 


IVcighf . — Control rats gained progrc.ssivcly^ throngbotit the 
observation, showing an avemgc gain in weight of 2.6 Gm. per t*. 
.A.pproximatcly 70 per cent of the rats receiving crystalline 
showed an initial drop in weight lasting from two to five dajs an^ 
amounting roughly to about 10 Gm. After this drop the weig it 
usually maintained until about tlic tenth day', from which time there 
slow gain. About 18 per cent gained weight slowly but 
throughout the period of injections. The remaining 12 per cent la' 
erratic weight course, which is not readily classified. 
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Food Intake . — In the early stages of administration of thyroxin most 
of the rats showed a loss of appetite; during this stage the}" were fre- 
quently restless and mild diarrhea often developed. After the first week 
or ten days, however, the appetite returned and the amount of food 
consumed was greater than that taken by the controls. 

Body Temperature . — The hyperthyroid rats frequently had a some- 
what higher rectal temperature than the controls. Although there was 



Fig. 3. — Section of the liver stained with hemato.x'ylin and eosin, taken from 
rat 4, which went through a preliminary period of administration of th3T0.xin 
followed bj- anoxia of nine and a half hours’ duration. The concentration of o.xj-gen 
was 11.2 per cent. Areas of degeneration are shown. (Magnification, x 100.) 


an average difference of only 0.3 C. (0.5 F.) in temperature between the 
two groups (that of the normal rats averaging o6.5 C. [9/./ F.] and 
that of the hvperthvroid rats 36.8 C. [9S.2 F.] ). none of the normal rats 
had a temperature as high as 37 C. (9S.6 F.). whereas a number of the 
hyperthyroid rats had temperatures of 37 C. or slightly higher. 
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Hepatic Glycogen . — With the standard diet which we employed, the 
hepatic glycogen in control animals, as previously reported;®** varied 
from 7.1 to 5.0 Gm. per hundred cubic centimeters. In 39 thyroxin- 
treated rats on the same diet the glycogen level varied from 3.2 to 0.18 
Gm. per hundred cubic centimeters, only 2 animals having a level above 
1.6 Gm. 

Histologic Examination of the Liver . — A study of the pathologic 
material from 31 rats that had been killed ® after receiving injections of 



Fiff. 4. — Higher magnification (X 300) of the section shown in 
the boundary zone between the necrotic area and relatively norma icpa 


9. There arc a number of studies in which histologic changes arc sai 
been produced in the liver by the administration of thyroxin. The stu ics 
these changes were noted, however, were carried out with the use o . 
even fatal doses of thyroxin (Farrant, R. : Hyperthyroidism. urnri in 

Production in Animals, Brit. M. J. 2:1363, 1913. Hashimoto, H.. ’ Fndo- 

Expcrimcntal Hyperthyroidism with Special Reference to Its^ ^nnnement 
crinology 5:579, 1921. Gcrlci, F. : Necrose du foie consecutive a 1 
par la thyroxine, Ann. d’anat. path. 10:555, 1933) ; in many cases t icsc v. 
over long periods. An attempt was made in our c.xpcrimcnts to us 

(Fooiftoftr continued on rrxt f-aoc) 
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cr}’stalline th3-roxin over a period of approximately two to three weeks 
without exception failed to reveal any notable histologic abnormalities of 
the liver. IMinor histologic differences were often found, however, when 
the cells were compared with those of the livers of normal well fed 
rats, the cells in the livers of th3moxin-treated rats being more homo- 
geneous and compact. The appearance of these cells, however, did not 



Fig. 5. Section of the liver stained with hematoxylin and eosin, taken from 

rat 7, which went through a preliminary period of administration of thyroxin 
followed by anoxia of seven hours’ duration. The concentration of oxj-gen u'as 
11 per cent. "tVidespread necrosis of the liver is shown. (^lagnification, x 100.) 

thyroxin which while producing definite hj'perthj roidism u ould not be lethal. 3Vith 
such doses and over the period in which we employed the drug, it seems^ clear that 
it produces no important histologic changes in tlie liver. During a period of two 
years there were 186 rats that received crj-stalline thyro.xin, and among these 12 
deaths occurred, usually ascribed to the effects of intercurrent infection, frequently 
of the respiratory tract. Histologic examination of the li\er U’as carried out on 
10 of these animals, and in 4 instances degenerative changes were found. It is 
interesting in this connection that G. Haban (Leben-eranderungen bei e.xperimcn- 
tellem Hvperthyreoidismus, Beitr. z. path. Anat. u. r. allg. Path. 95:573, 1933) in 
studying the effects of injections of cr>-stallinc thyroxin on the liver found important 
changes only when some infercurrent infection occurred. 
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differ particularly from that of hepatic cells of a starved animal and was 
probably due in both instances to the fact that the hepatic glycogen 
content was low. 


OBSERVATIONS IN EXPERIMENTS ON ANOXIA 
The behavior reaction of the h)'perthyroid and of the normal animals 
when exposed to atmospheres containing approximately 11 per cent 



Fig', 6. — Higher magnification (X 300) of the section shown in figure 5. 


cxj^gen in general showed marked differences. The normal animals or 
the most part slept quietly, and, although there was frequently some 
increase in their respiratory rate, they showed no signs of acute distress. 
The hyperthyroid animals, on the other hand, were restless and apat le ic 
by turns. Their respiration became rapid and at irregular interva s was 
interrupted bj" a pause followed by a deep inspiration. They fri^uen > 
assumed a position in which their heads were near the inlet of the e y ^ 
In general the behavior picture was similar to that described by sic 
and Duran.’^ 
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The results of the experiments on anoxia are shown in tables 1 and 2. 
It will be noted that 26 rats were used ; 17 of these had received injections 
of crystalline thyroxin over a period of approximately two to three 
weeks prior to being subjected to the low oxygen mixtures, while the 9 
controls had received no th3TOxin. 

Mortality . — Nine of the 17 h)'perthyroid rats died after varjdng 
periods of anoxia, which was in striking contrast to the absence of deaths 



Fig. 7.— Section of the liver stained with hematoxylin and eosin, taken from 
rat 16, which went through a preliminary period of administration of th.vroxin 
followed by anoxia of six and three-quarters hours duration. The concentration 
of o.xygen was 10.5 per cent. The animal was killed twenty-four hours after anoxia. 
Areas of degeneration are evident. (Magnification, X 

among the 9 control rats similarly exposed to low oxygen atmospheres. 

The first two hours in the low oxygen atmosphere seemed to be the most 

critical for the hvperthvroid rats. and. although an attempt was made to 

ennn as it was evident that their condition 
return them to room air as soon as n. ^ 

, . ■ K them died attcr this short exposure, 2 

was becoming precarious, a ot tucm aieu aii.-i i 














Table 1. — Expcrimaiis on Anoxia zuith Hyperthyroid Animals* 


Administration 
of Orystnlllno Anoxia 
Thyroxin , 


^ A ^ 

Oxy- 


Total Dura- 

gen, 


Amount, tion. 

per 

Dura- 

Rat Mg. Days 

Cent 

tion 

1 1.8 18 

9.3 

50 min. 


9.5 

68 min. 


10.0 

80 min. 


10.3 

01 min. 


0.5 

03 min. 

2 l.C 10 

9.3 

60 min. 


9.5 

68 min. 


10.0 

80 min. 

3 1.9 19 

8.5 

2 hr. 


10.7 

3 hr. 


13.0 

11 hr. 

4 2.0 20 

11.2 

9'4: hr. 


Comment 

Killed 2 hr. 16 min. after 
removal from bell Jar 


Hepatic 
Glyco- 
gen, 
Gm. per 
100 Cc. 
0.8 


Histologic 
Examination 
of Liver 

No noteworthy devia- 
tion from normal 


Died after removal from 
Jar In apnea; heart still 
heat, but respiration 
never resumed: autopsy 
done Immediately 
Near asphyxiation; limp 
but conscious; respira- 
tion moist; not disturbed 
by anoxia; killed Imme- 
diately after removal 
from Jar 

Restless at times; respi- 
ration often jerky and 
Irregular; seemed In good 
condition on removal 
from Jar; killed 1 hr. 
later 


5 

1.4 

14 

9.3 

1% hr. 

Died In bell j nr 


0 

2.7 

27 

12.6 

Ihr. 

Died In bell jar 


7 

2.6 

25 

11.0 

7 hr. 

Respiration rate rapid; 
died in bell jar; autopsy 
done Immediately 


8 

2.2 

22 

11.6 

Ihr. 

Died 6 hr. after removal 
from bell Jar 

... 

0 

1.0 

10 

11.0 

9% hr. 

Killed 1 hr. after re- 
moval from Jar 

3.2 

10 

1.7 

17 

10.5 

9% hr. 

Killed 1 hr. after re- 
moval from Jar 

0.5 

11 

1.8 

18 

11.0 

9% hr. 

Killed 1 hr. after re- 
moval from Jar 

3.1 

12 

2.1 

21 

10.5 

8 hr. 

Died in bell jar 


13 

2.2 

22 

11.0 

Ihr. 

Died Just after re- 
moval from J ar 


14 

2.4 

24 

10.0 

8% hr. 

Died 5% hr. after re- 
moval from jar 

... 

15 

1.5 

15 

10.0 

4 hr. 

Died in bell Jar 

... 

10 

2.5 

25 

10.5 

0 % hr. 

Stormy course; removed 
from bell Jar early to 
prevent death; killed 

24 hr. Inter 

1.6 

17 

1.0 

10 

U.O 

S% hr. 

Killed 24 hr. after 

1.0 


Marked engorgement 
of sinusoids; early 
degenerative changes 
In central portion of 
lobule 

No noteworthy degen- 
erative changes seen 


Definite evidence of 
necrosis, most pro- 
nounced around cen- 
tral veins and spread- 
ing outward into lobule 
In irregular patterns: 
cells In areas of degen- 
eration showed affinity 
for eosin; In some 
areas cell outlines 
completely lost 
Marked engorgement 
of sinusoids; early 
degenerative changes 
around central vein; 
cell outlines often lost: 
vacuoles In cytoplasm 
Early changes 
Widespread necrosis; 
large areas staining 
deeply with eosin; celi 
outlines In many 
places had disap- 
peared; nuclei in these 
areas pyknotlc 
Marked engorgement 
of sinusoids; e^Iy 
degenerative changes 
with loss of cell 
boundaries and 
pyknotlc nuclei 
No outstanding devia- 
tion from normal 
Definite areas of de- 
generation; loss of 
boundaries; pyknotlc 
nuclei and polyraor- 
phonuclear leukocyte. 
Been among the 
necrotic cells 
Slight early degenera- 
tive changes 
Extensive degenera- 
tion: marked engorge 
meat of blood vessels, 
pyknotlc nuclei, loss 
of cell boundaries 

Marked engorgement 

of blood vessels: eany 

degenerative changes 

with vacuolatlon ot 
cells and loss of ceil 
boundaries 
Extensive degenera- 
tion and hemorrhage 

Marked engorgement 

of sinusoids and earj^T 
degenerative changes 
Extensive areas ol 
degeneration anci 
necrosis 

Widespread degenera- 
tive changes ana 
necrosis 


• Among the 17 nnImaLs with hyperthyroidism It^owcd evidence of tlfe-'C animal*- 

Ing from slight early changes to extensive necrosis. There were 9 deaths among 
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before they could be removed from the bell jar, 2 shortly after removal 
and 1 six hours later. The 4 other deaths occurred after varying periods 
of anoxia. 

Pathologic Examination of the Liver . — ^With 2 exceptions the animals 
killed "were put to death about an hour after termination of the anoxia. 

The control rats without exception showed no lesions of the liver 
(table 2). Fourteen of the 17 hj^pertliyroid rats had such lesions. As 
might be expected, the lesions in animals that died or were killed after 


Table 2. — E.rpcrimeufs on Anoxia vjifh Normal Rats* 



Anoxia 


Hepatic 
Glycogen, 
Gm. per 
ICO Cc. 

Histologic 
Kxamination . 
of Liver 

Control 

Hat 

< 

Oxygen, 
per Cent 

Duration 

Comment 

1 

11.0 

9.3 

5.9 

5.7 

8.7 

40 min. 

38 min. 

50 min. 

42 min. 

37 min. 

Killed 1^4 hr. after re- 
moval from bell jar 

2.5 

Xo essential deviation 
from normal 

2 

11.0 

9.3 

5.9 

8.7 

8.7 

40 min. 

38 min. 

50 min. 

42 min. 

37 min. 

KiUed 1% hr. after re- 
moval from hell jar 


Xo essential deviation 
from normal 

3 

7.5 

7.5 hr. 

Lethargie but not 
especially distressed; 
not killed 



4 

11.2 

9% hr. 

Killed 1 hr. after re- 
moval from bell jar 

3.2 

No essential deviation 
from normal 

3 

11.5 

11.2 

6 hr. 

914 hr. 

Killed 1 hr. after re- 
moval from bell jar 

... 

No essential deviation 
from normal 

6 

11.2 

914 hr. 

Killed 1 hr. after re- 
moval from bell jar 

4.4 

No essential deviation 
from normal 

7 

11.3 

9^ hr. 

Killed 1 hr. after re- 
moval from bell jar 

3.5 

No essential deviation 
from normal 

S 

11.2 

9',4 hr. 

Killed 1 hr. after re- 
moval from bell jar 

4.7 

No essential deviation 
from normal 

9 

11.5 

9% hr. 

Slept quietly through- 
out; killed 1 hr. after re- 
moval from bell jar 

2.7 

No essential deviation 
from normal 


* There 'svero no deaths among: the 9 control rats, and examination of the liver revealed 
no degenerative changes. 


short exposures were not advanced ; they consisted of fatty changes, 
vacuolation of cells and engorgement of blood vessels.’^® In the animals 
exposed for longer periods the degenerative changes were usually severe 
and widespread. Outstanding lesions of the liver are shown in figures 
3 to 10 and may be contrasted with the normal hepatic cells of a control 
animal shown in figures 1 and 2. In 2 instances the rats nere killed 
twenty-four hours after being removed from the bell jar, and the lesions 

ia As stated pre^•^ousIv, in some of the earlier e.Kperiments both controls and 
thyro.xin-treated animals were killed after short exposures. _ Smce the changes 
in the thyroxin-treated rats were slight, longer periods of anoxia were used m later 

experiments. 


182 


ARCHIVES OF SURGERY 


of the liver found in 1 of them (rat 16) are shown in figures 7 and 8. 
This animal, as shown in table 1, tolerated the low oxygen atmosphere 
poorly and had to be removed after approximately seven hours. The 
general condition for several hours thereafter was not satisfactory, the 
animal appeared weak and the respiration was rapid. The next morning, 
however, the condition seemed essentially normal. 



Fig. 8. — Higher magnification (X 300) of the section shown in figure 7, pre 
senting the area of degeneration in detail. 


Hepatic Glycogen . — Lewis and associates,^^ in their recent studies on 
the role of the adrenal cortex in acute anoxia, confirmed the eatlier wor ' 
of Evans, showing that hepatic glycogen tends to increase in ra s 

11. Lewis, R. A.; Thorn, G. W.; Koepf, G. F., and Dorrance, S. S.: The Role 
of the Adrenal Cortex in Acute Anoxia, J. Clin. Investigation 21:33, 1942. 

12. Evans, G.: The Effect of Low Atmospheric Pressure on the Gl.vcog 
Content of the Rat, Am. J. Physiol. 110:273, 1934; The Adrenal Cortex a 
Endogenous Carbohydrate Formation, ibid. 114:297, 1936. 
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exposed to low atmospheric pressure. Lewis and his co-workers noted, 
however, that prior to tliis increase, during the first twelve hours of 
exposure to low concentrations of oxj'gen, there is a fall in the glycogen 
level. Our periods of anoxia all came within the twelve hour period, 
and as might be expected in view of the observ'ation of Lewis and his 
associates, the glycogen level in these rats, both th3-roxin-treated and 
normal animals, was low. It is interesting that although our controls and 



Fig. 9. Section of the liver stained with hematoxylin and eosin, taken from 

rat 10, which went through a preliminary period of administration of thyroxin 
followed by anoxia of nine and a half hours’ duration. The concentration of oxygen 
was 10.5 per cent. Numerous areas of necrosis are shown. (Magnification, X 100.) 

our hvperthj’roid animals both showed low let els of hepatic gl\ cogen, 
damage to the liver occurred onK' in the latter group. This is in har- 
mony with recently published observations by us,*"^ which showed that the 
low level of hepatic glvcogen in hyperth.vroid rats was not the essential 
factor in their increased susceptibility to chloroform poisoning. 
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Body Temperature . — In the control animals during exposure to anoxia 
there was a drop in body temperature averaging 2.2 C, (4 F.). The 
rats with hyperthyroidism similarly exposed showed in most instances 
some drop in temperature; this averaged 1,2 C. (2.2 F,), or a degree 
(C.) less than the drop in the controls. In 4 of the hyperthyroid animals 
there was a slight rise in body temperature, of about 0.5 C, (0.9 F.), and 
in 1 there was a rise of 1.8 C. (3.2 F.). In the 2 hyperthyroid animals 



Fig. 10 . — ^Higher magnification (x300) of the section shown in figurs 
presenting one area of degeneration in greater detail. 


that were not killed until twenty-four hours after removal from the 
jar, there was a slight rise in temperature after the termination o tie 
anoxia. 

COMMENT 

On the basis of these experiments it seems evident that 
capable of producing degenerative changes in the liver in anima s 
hyperthyroidism ; this finding may in some instances explain the ac^. 
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lesions found in the livers of patients dying of hyperthyroidism.^® The 
problem is of clinical importance, since anoxia is a hazard to which h}"per- 
thyroid patients are often exposed.^^ This is especially true after opera- 
tions on the thyroid gland, when tracheal obstruction, pulmonary edema 
or some other complication may interfere with efficient aeration of the 
lungs. Also, according to Hartman,^® hyperpyrexia, a constant feature 
of the thyroid crisis, may in itself contribute to anoxia. 

SUMMARY 

Rats given injections of cr}'stalline thyroxin for tsvo to three weeks 
in doses of 0.1 mg. daily in general remained in good condition, although 
they showed clinical signs of hyperthyroidism and when they were 
killed the hepatic glycogen level was found to be low. They showed no 
degenerative lesions of the liver. 

On exposure to atmospheres containing low concentrations of oxygen, 
in 14 of 17 hyperthyroid animals varying degrees of hepatic injury 
developed. There were 9 deaths among the total of 17 rats. 

In a group of control normal rats similarly exposed to low concen- 
trations of oxygen hepatic lesions did not develop. There were no deaths 
in this group. 

It is suggested that in some instances the acute lesions found in the 
livers of patients dying of hyperthyroidism may be the result of anoxia. 

32 Fair Street 
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DELAYED SPLENIC RUPTURE: A CLINICAL 
SYNDROME FOLLOWING TRAUMA 


REPORT OF FOUR CASES WITH AN ANALYSIS OF ONE HUNDRED AND 
SEVENTY-SEVEN CASES COLLECTED FROM THE LITERATURE 

EDWARD J. ZABINSKI, M.D. 

AND 

HENRY N. HARKINS, ^LD., Pn.D. 

DETROIT 


Acute conditions within the abdomen remain among the most impor- 
tant and at the same time most complicated of all surgical syndromes. 
In the present state of war interest in traumatic injuries is increased, 
with good reason. The type of acute abdominal injury to be discussed 
in this paper has not received the attention that its frequency warrants. 
This si'ndrome differs from other examples of acute abdominal condi- 
tions in that a latent period varying from a matter of hours to days 
or even weeks may follow the original trauma. During this latent 
period the patient may complain of an associated injury, such as a 
fracture of a long bone or a rib ; he may be troubled by vague abdominal 
pain, or he may actually be almost symptom free. Then in typical 
cases a gradually developing splenic hematoma suddenly ruptures and 
the patient presents signs of collapse, shock and severe anemia; if 
operation is not promptly performed, he dies. This condition, with 
its original injury, insidious latent period and fulminating secondary 
hemorrhage, is the condition of delayed splenic rupture. 

Injury to the spleen is probably the most common of all serious 
subcutaneous abdominal injuries. Bronaugh (1935) reported that 
injury to the spleen occurs in 33.3 per cent of subcutaneous injuries 
involving abdominal viscera. Mazel (1932) reported a frequency of 
30 per cent, and Wright and Prigot (1939) found the incidence to be 

47.6 per cent. Injury to the liver was next in frequency, Avith a 

28.6 per cent incidence. Trauma accounts for rupture of the normal 
spleen in almost every case. It may be caused by falls and from auto- 
mobile, motorcycle and bicycle accidents, as well as by other types^ of 
violence. Accidents occurring in aeroplanes and in swiftly moving 


tanks may cause splenic rupture in rvartime. 

Delayed splenic rupture accounts for a far 
all splenic lacerations than is commonly realized. 


higher percentage of 
Thus it is seen in 


From the Division of General Surgery, Henry Ford Hospital. 
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table 1 that from 5 to 40 per cent of all ruptures are of the delayed 
type, the average incidence being 14 per cent. Since Mclndoe’s review 
in 1932, sporadic reports have cited the infrequency of this condition. 
In reality the ratio of dela 3 'ed to immediate hemorrhage is abpat 1 to 6. 
Wertlimann, of Frankfort on the Main, German}'-, had 4'^ses in two 
years, while Orator (1939) saw 2 examples of the syndrome in 
Sclimieden’s clinic in one year. In this condition there is the advantage 
— seldom utilized as yet — that during the latent period operation may 
be perfonned, or at least the condition diagnosed and the patient obsewed 
expectantly. Splenic hemorrhage, immediate or delayed, is rapidly fatal 

Table 1‘. — Ratio of Delayed to Total Splenic Ruptures in Reported Series 


Splenic Euptnres Delayed Euptures 


f— \ 4AS ClUClAkagC 

Author Tear Delayed Total Total Cases 

Bailey (London Hospital) 1S94-1926 6 32 19 

Connors 192S 3 32 9 

Foster and Prey 19-10 1 20 5 

Eousselot and Dlyne 1911 1 17 6 

Zabinski and Harkins 1912 1 19 ^9 

Total 15 111 1* 


Table 2.— Collected Series of Cases of Delayed Splenic Rupture 


Author 

Tear 

Number ol Cases 


1912 

9 


1926 

16 


1926 

25 


1926 

22 


1930 

42 


1932 

45 


1932 

iB 


1932 

52 


1939 

70 


. ... 1910 

75 


.. . 1912 

177 





unless immediate operation is performed, and is therefore one of the 
gravest abdominal emergencies requiring surgical inten ention. 

ANALYSIS OF LITEE-^TURE 

Since no other review has included more than 40 per cent of the 
reported cases, it was felt that a collective study of this important 
syndrome was in order. In 1912 Nast-Kolb collected 9 cases of delayed 
splenic rupture Other reviews are shown in table 2. Data on the 
following cases are not available: Sejournet, 1933; Popoviciu and 
Mihaileanu, 1933; Bronaugh, 1935; Dorronsoro Montes. 1936; Mash- 
takov, 1936; Bergan, 1939; Vasilkovan, 1939; Knvonosov, 19o9: Mon- 
tanan, 1941 (2 cases) ; J^Ionod, 1931, and Spiridonovic. 1932. 
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The present analysis is based on 66 new cases collected from the 
litciatuie as well as 4 cases of patients treated at the Henry Ford 
Hospital. Our cases are divided under the following heads; cases 

to 46, cited by Mclndoe (1932); cases 47 to 80, additional cases 
cited by Muller (1940) ; cases 81 to 107, incomplete or untraceable 
reports; cases 108 to 111, 4 personal cases; cases 112 to 177, 66 
previously uncited cases collected from the literature. 

Cases 1 to 46 . — The review by Mclndoe (1932) represents the 
most complete report on delayed splenic rupture which has appeared 
in the English language up to the present time. The discussion of 
cases therein is so complete that we have not reanalyzed them in the 
present paper. 

Cases 47 to 80 . — Muller (1940) collected SO cases of delayed splenic 
rupture from the literature. Three of these are duplications, and 2 
of them (those of Herfarth and of Stamm) are doubtful. This article, 
however, with its 75 definite cases, still represents the most extensive 
review outside of our own. Thirty-four of Muller’s cases are not 
included in our own series or are not cited by Mclndoe. They include 
those of Abasbridze, Becker, Borchard, Brogsitter, Burgerhout, 
Cadenat, Fuchs, Gohrbandt, Haffter, Henderson, Heuser, Hochwalter, 
Junkermann, Kauff, Kofranek (2 cases), Ledderhose, Mannheim, Marx, 
Mastador, Molnar, Moore and Alexander, Monod, Patey, Ramon, Rolle, 
Roughton, Schachnowitz, Schmidt, Schubert, Soison, Stefanini, Turna- 
gallie and Wildanker. 

Cases 81 to 107 . — These represent reports with data insufficient 
for analysis, or for which the reference could not be checked. In this 
list are 27 cases, including those of Bailey (1927), 5 cases; Bergan 
(1939), Bronaugh (1935), Connors (1928), 3 cases; Dorronsoro 
Montes (1936), Kempf (1923), Krivonosov (1939), Mashtakov 
(1936), Monod (1931), Montanari (1941), 2 cases; Pietrzikowski 
(1920), Popoviciu and Mihaileanu (1933), Pou, 2 cases; Rousselot 
and Illyne (1941), Sejournet (1933), Spiridonovic (1932), Vasilkovan 
(1939), Wiederkov (1920) and Zubkov. 

Cases 108 to 177 . — These include the cases of 4 patients seen at 
the Henry Ford Hospital and 66 additional cases collected from the 
literature. None of the latter are included in Mclndoe’s report. These 
70 cases form the chief basis for our analysis and are listed hereinafter. 

PERSONALLY OBSERVED CASES 

Case 108. — W. C., a man aged 36, was struck with a milk bottle in the region 
of the left kidney. Two days later he had some abdominal pain, relieved by a bo\sc 
movement. Six days after the injury the patient was seized with a severe pain in 
the left shoulder, with collapse and generalized severe abdominal pain. He voniitc 
a small amount. The temperature, the pulse and the respirations were norma . 
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Findings included tenderness in tlie upper part of the abdomen and a white blood 
cell count of 12,200. A preoperative diagnosis of pancreatitis or perforated peptic 
ulcer was made. At operation the abdomen was found to be filled with blood. A 
3 cm. laceration on the diaphragmatic surface of the spleen was felt. Splenectomy 
was done, and recovery ensued. 

Case 109. — C. McM., a man aged 43, was struck over the left shoulder and 
knocked down by a barrel falling 14 feet (425 meters). He felt weak momentarily. 
It was found that he had a fracture of the eighth rib on the left side in the mid- 
axillary line. For the next few days his temperature rose to 101 F. No cause for 
the fever could be found. Five days after the initial injury, while straining at the 
stool, he began to feel weak and perspired profusely. In five hours the patient was 
blanched and had pain only over the site of the fracture. There was no abdominal 
pain or tenderness. The hemoglobin content dropped from 14.6 to 11.8 Gm. per 
hundred cubic centimeters. A diagnosis of intra-abdominal hemorrhage was con- 
firmed at operation, at which time a fragmented spleen was removed. The patient 
was pulseless during the splenectomy but responded to blood transfusions. He left 
the hospital in good condition. 

Case 110. — O. L., a man aged 49, was admitted to the hospital one day after 
an automobile-train wreck. He presented marked splinting of the entire abdomen, 
especially in the lower half. There was also tenderness in the region of the left 
kidney. The blood pressure was 120 systolic and 68 diastolic. The pulse and the 
temperature were normal. During the next few days the abdomen became softer, 
although it always maintained slight rigidity. Seven days after the injury severe 
abdominal pain, cold sweat, pallor and delirium developed. The blood pressure 
was not obtainable. The pulse rate was 130, and the temperature was normal. The 
patient received 1,000 cc. of blood, and splenectomy was done. On the second 
postoperative day bronchopneumonia developed, and the patient died on the third 
day after operation. 

Case 111.^ O. !M., a man aged 48, had an automobile accident on Nov. 18. 

1940, after which he remained in bed because he felt tired. During this time he 
had a little abdominal pain on the left side. Four and one-half days after the 
injury he became suddenly gravely ill, with collapse, weak pulse and fall in blood 
pressure. The white blood cell count was 20,700, and the hemoglobin content was 
11.5 Gm. per hundred cubic centimeters. Abdominal exploration was done at once 
by one of us (H. N. H.). Free blood was present in the peritoneal cavitj’, 
associated with a 2.5 cm. laceration of the splenic capsule and a hematoma under 
the capsule at the site of rupture. Splenectomy was done, and the patient was 
given a transfusion during the operation. Postoperatively bronchoscopic examina- 
tion was made for aspiration pneumonia, and thrombophlebitis developed in the 
right leg, for which continuous injection of heparin was used. The patient was 
discharged from the hospital in good condition. 


reported cases 


A series of 66 reported cases of traumatic subcutaneous rupture 
of the spleen with delayed hemorrhage is presented and forms an 
c.ssential element of the statistical analysis later in this article. The 
following facts are tabulated: author, date of the report, age of the 
patient, "sex. initial injur\-. latent period, type of onset of sccondarv- 


1. Tin's case has previously been reported fi: cxicr.so by one of 


fH. X. H.). 
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hemorrhage, symptoms, signs, associated iesions, pathologic changes, 
result, complications, preoperative diagnosis and comment. Cases on 
which data are insufficient or not obtainable have been mentioned 
on the previous pages. The cases reviewed by Meindoe (1932) are 
not included in this list, which represents reports with details adequate 
for analysis. 

Case 112 (Richardson, 1923). — The patient, a boy aged 12 years, fell off a 
bic}’cle. Six da}'s later he had pain in the left side of the abdomen and the left 
slioulder with sudden onset. Operation revealed a ruptured spleen with rnuch free 
blood in the peritoneal cavity. Splenectomy was followed by recovery. 

Case 113 (Hej'mann, 1927 ). — After an automobile accident, a physician suffered 
abdominal pain, which rapidly improved. Nine days later he had pain in the 
shoulder and the abdomen with sudden onset. Operation revealed a tear at the 
hilus of the spleen; this organ, however, was not removed because of shock. 
Death ensued. 

Case 114 (Bailey, 1927). — A workingman aged 40 was hit in the upper part 
of the abdomen by a pole. He fainted but soon recovered sufficiently to report 
to the hospital, where he was examined and told to report the next daj'. This 
he did not do, because he felt better. Five days later he suffered sudden collapse 
with evident signs of internal hemorrhage; splenectomy was done a few hours 
later with recovery. 

Case 115 (Afartens, 1927). — A physician received an injury in a motorcycle 
accident. Two days later he had abdominal pain, distention and rigidity. A 
diagnosis of peritonitis was made, and at operation the lower third of the spleen 
was found to be tom off. An accessory spleen was also removed. The patient 
recovered. 

Case 116 (Wilson, 1927). — A man aged 55 was struck by a falling log.^ He 
had no pain in the abdomen after the second day. Nine daj^s after the accident 
abdominal pain developed, but there was no tenderness and no rigidity. ^ The 
temperature was normal ; the pulse rate rvas 100. The patient died in thirteen 
hours without benefit of operation. Autopsy revealed rupture of an infarct o 
the spleen and amyloid degeneration of the liver. 

Case 117 (Nelson, 1928). — A man aged 61 was thrown against a wall by a 
cow. He was treated for fractured ribs. Thirteen hours later he became pa e. 
The pulse rate was 120, and there was dulness in both flanks. The spleen was 
ruptured, and splenectomy for tears at the hilus and the costal surfaces was done. 
The patient recovered. 

Case 118 (Berndt, 1929). — A woman aged 23 was struck in the left 
quadrant of the abdomen by her husband. Thirteen days later the patient a 
gradual onset of two attacks of abdominal pain and dizziness. Pallor and ten er 
ness in the left hypochondrium were noted. The temperature was 37.5 C. ' 

The pulse was weak, and the rate was 125. There was intra-abdominal blee ing, 
and, splenectomy was done; a 2 cm. tear near the hilus was discovered at opera 
tion. The patient recovered. 

Case 119 (Kment, 1930 ). — A man aged 21 was hit in the left side of the 
abdomen. Fifty hours later there was sudden onset of abdominal pain an pa' 
in the left shoulder, associated with vomiting and collapse. The abdomen ^ 
rigid and tender, and a diagnosis of splenic rupture was made. At operation 
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liters of blood was found in the abdominal cavitj'; there was a rupture of the 
splenic' capsule. Recovery took place after splenectom}'. 

Case 120 (Kment, 1930). — A man aged 25 was in an automobile accident. 
He was admitted to the hospital, and his condition improved. However, on the 
tenth day in the hospital he had rapid onset of pain in the abdomen and left 
shoulder, accompanied by vomiting. The abdomen w^s tender, distended and 
boardlike. There was dulness in the flanks. Operation revealed a splenic rupture 
and tear of the capsule. The patient recovered after splenectomy. 

C.ASE 121 (Dawson-Walker, 1931). — woman aged 34 received a blow to the 
left side of the back. Two weeks later the patient experienced gradual onset of 
severe epigastric pain and pain in the shoulder. No collapse took place. There 
was no pallor, no shifting dulness in the flanks and no rigiditj-. The temperatime 
was 97.6 F., the pulse rate 120, and the respiratory rate 28. The patient was 
operated on and was found to have internal hemorrhage from a ruptured subcap- 
sular hematoma. Death from shock occurred the first day after splenectomy. 

Case 122 (Hochmiller, 1931). — A man aged 22 fell fiat on his back. Twentj-- 
four hours later pain in the abdomen developed, associated with weakness, nausea, 
collapse, anemia, distention and shifting dulness. The temperature was 37.7 C. (99.86 
F.) and the pulse rate 120. A diagnosis of ruptured liver or spleen was made. There 
was laceration of the capsule, and splenectomy was followed by a wound infection. 
Recovery occurred. A blood count taken one year later was entirely normal. 

Case 123 (Wagner, 1931). — A man aged 25 was struck with a hammer in 
the left hypochondrium. Two days later he complained of pain in the abdomen. 
There was no collapse. Dulness was present in the upper part of the abdomen. 
The temperature was 37 C. (98.6 F.). A diagnosis of ruptured peptic ulcer was 
made, and a hilar laceration was found at operation. Recovery took place after 
splenectomj’-. 

Case 124 (Bumm, 1931). — A woman aged 23 fell downstairs twice. Twelve 
days later she had to remain in bed one day. Forty-one days after the accident 
abdominal pain and shock developed rapidly, and the patient vomited. She was 
pulseless and had a distended and tender abdomen. Anemia was present. The 
presence of blood on vaginal puncture led to the diagnosis of a ruptured ectopic 
pregnancy. Operation revealed a subcapsular hematoma and tear of the entire 
convex surface of the spleen. The patient recovered. 

Case 125 (Oudard and Guichard, 1932).— A man aged 30 fell into a dn-- 
dock. Four days later he experienced generalized abdominal pain, tenderness and 
'.rigidity in tlie left hj'pochondrium. Dulness was present in the left flank. The 
temperature was 38.6 C. (101.48 F.), and the pulse rate was 100. The patient 
was operated on, and intraperitoneal hemorrhage, probably splenic, was discov- 
ered. A subcapsular and perisplenic hematoma was found. The patient died of 
anuria due to a transfusion reaction. 

Case 126 (Oudard and Guichard, 1932).— -A. youth aged 20 fell off a bicycle. 
Twenty-four hours later pain in tlie left shoulder, epigastrium and left hypo- 
chondrium developed, associated with tenderness and rigidity. A splenic rupture 
was diagnosed and a subcapsular hematoma was found at operation. The patient 
recovered. 

Case 127 (Oudard and Guichard. 1932).— A Iwy aged 16 fell 4 meters and 
sudered a fracture of a rib on the left side and of the ncht radius and a trans- 
verse rupture of the spleen. Forty hours later pain developed m the upper part 
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of the abdomen and collapse occurred. There was subcostal rigidity and tender- 
ness, low blood pressure and dulness in the splenic area. The temperature was 
normal, and the pulse rate was 90. The patient recovered after splenectomy. 

Case 128 (Oudard and Guichard, 1932). — A youth aged 20 was struck by 
an assailant’s fist under the left costal margin. Five hours later subcostal pain 
and collapse developed, with rigiditj'. The temperature and the pulse were normal. 
At operation a subcapsular hemorrhage with no free blood in the peritoneal cavity 
was found. Recovery ensued. 

Case 129 (Kohn, 1932). — A man aged 48 fell while drunk. On the fifth day 
colickj' abdominal pain developed, associated with nausea, pallor, abdominal disten- 
tion and tenderness. The temperature was 37.3 C. (99.14 F.), and the pulse was 
weak. A diagnosis of acute appendicitis was made. At operation a 4 cm. capsular 
tear of the spleen was discovered, and there was 1,000 cc. of blood in the peritoneal 
cavity. The patient recovered after operation. Bronchitis was a complication m 
this case. 

Case 130 (Werthmann, 1932 ). — A b 03 ' aged 13 fell while ice-skating. Eight 
hours later extreme pallor, and restlessness developed. The patient was operated 
on, and a tear of the conve.xity of the spleen was found. He recovered. 

Case 131 (Werthmann, 1932). — A man aged 31 was involved in a motorc 3 'cle 
accident. Twenty-seven hours later extreme pallor developed, and there was dul- 
ness in the left upper quadrant of the abdomen but no distention. When the 
patient was operated on the spleen was found to be in tliree parts, and there 
was a hematoma of the mesentery. The patient recovered after operation. 

Case 132 (Werthmann, 1932 ). — A girl aged 4 was run over by an automobile. 
Forty-six hours later acute abdominal pain developed, associated with dulness 
and tenderness in the left upper quadrant of the abdomen. There was a fracture 
of the humerus. On operation two lacerations of the spleen were noted; these 
divided the spleen into three parts. The patient recovered after operation. 

Case 133 (Werthmann, 1932). — A woman aged 29 was in a motorcycle acci- 
dent. Ninety hours later she experienced abdominal pain and vomiting. Exami 
nation revealed dulness in the left side of the abdomen and pallor. A tear o 
the convexity of the spleen was discovered at operation. The patient recovere 

Case 134 (Bertrand, 1933).— A youth aged 18 was involved in a motorcycle 
accident. He had slight abdominal pain, but thirty-six hours later severe a om 
inal pain developed, associated with s 3 mcope, sweating and extreme^ pallor, u 
there was no abdominal tenderness. The pulse rate was 160. Operation 
an intraperitoneal hemorrhage. The spleen was in two pieces, one being in lo 
pelvis. Recovery occurred in spite of pulmonary complications. 

Case 135 (Kirschner, 1933). — A man aged 28 fell 2.5 meters, fracturing tho 
left ulna. Hematuria developed, and eight days later, while straining at the s oo , 
he experienced pain in the left upper quadrant of the abdomen and co apse 
The hemoglobin content of the blood was 80 per cent. The pulse 
Operation revealed a splenic rupture, a 6 cm. tear of the convexity and , 
of blood in the peritoneal cavity. The patient recovered. 

Case 136 (Modezejewski, 1933 ). — A woman aged 26 fell downstairs. She 
remained in bed only three days. On the twelfth day after the accident su 
collapse developed, with abdominal pain and rigidity, vomiting, a pulse 
136, and a temperature of 35.8 C. Operation revealed a capsular tear o ^ 
spleen with a subcapsular hematoma. Splenectomy was followed by reco^eo- 
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Case 137 (Dcxld, 1934). — A man bumped his left lower ribs during a fall. 
After a free interval of twelve hours severe pain in the upper part of the abdomen, 
witli vomiting and diarrhea, began to develop. The temperature was 100 F. and 
tlie pulse rate 120, and there was tenderness over the cecum; hence a diagnosis 
of acute appendicitis was made. The operation, which required only fifteen min- 
utes, was accompanied by shock and revealed a laminated perisplenic hematoma. 
Splenectomy was followed by recovery. 

Case 138 (Dodd, 1934).— A woman aged 56 struck her chest on a chair 
during a fall. She continued to do her housework, although she did hot feel 
well. Two daj-s later, with a slow onset, abdominal pain, weakness and dyspnea 
developed. Shifting dulness in the flanks and rigidity, tenderness and duiness in 
the left upper quadrant of the abdomen were noted. The temperature was 99 F., 
the pulse rate 120 and the hemoglobin content of the blood 55 per cent. A diag- 
nosis of ruptured spleen was made. Operation was accompanied b 3 ' shock and 
revealed a laceration of the spleen. Splenectomy was followed b 3 ' recover 3 '. 

Case 139 (Meltzer, 1935). — A young man fell 4 meters. Two da 3 's later he 
became ill suddenl 3 ", with pain in the upper part of the abdomen, and collapse 
ensued. Operation revealed a splenic rupture. Splenectom 3 ' was followed by 
recovery. 

Case 140 (Moulonguet and Suire, 1935). — ^A man aged 37 fell off a motor- 
cycle. A basal fracture of the skull was diagnosed. He had abdominal tender- 
ness for a few days. After nine days pain in the left upper quadrant of the 
abdomen, pain in the left shoulder and shock developed. There was dulness in 
both flanks, and the pulse rate was 180. The patient was operated on, and 
internal hemorrhage and a subcapsular splenic hematoma were revealed. Splenec- 
tomy was done, and the patient recovered. 

Case 141 (Hunter, 1935). — A man aged 33 fell from a motorcycle on his 
abdomen and left shoulder. A progressively enlarging abdomen, making the 
patient unable to walk, became apparent. There was severe abdominal pain, and 
anemia and fluid waves were noted. The peritoneal cavity ^\'as e.vplored t\vent 3 ' 
days after the accident, and 9 pints (4.25 liters) of fluid blood was removed ; the 
spleen was not removed because bleeding had ceased. 

Case 142 (Gardiner, 1935).— A youth aged 19 fell from a fence. He remained 
in bed for six days, during which time he had only one bowel movement. On 
the seventh day at breakfast the patient was seized with severe abdominal pain 
and pain in both shoulders and with faintness. The temperature was 97 R, and 
the pulse rate was 92. Rigidit 3 ' and tenderness over the abdomen were noted, 
and there was increased splenic dulness. There was a laceration of the long axis. 
Splenectomy was done, and tlie patient recovered. 

Case 143 (Schmid, 1935).— A woman aged 38 fell and struck tlie left splenic 
region. Twenty-eight days later, while washing clothes, she became suddenly 
sick, with severe abdominal pain, and collapse occurred. A fractured left rib 
was discovered. There W'as a question of a tubal pregnanc 3 in this case. Splenec- 
tomy was performed for a subcapsular hematoma, and recovery took place. 

Case 144 (Wencer, 1936).— A girl aged 19 fell down a flight of stairs. She 
i'ad pain on standing straight, pain in the upper part of the abdomen and weak- 
ness. Seven davs after the accident the patient suddenly went into collapse and 
I’od pain in the 'left side of the abdomen and left sh.oulder. Shifting dulness, and 
iiuid waves were noted. The temperature was 99.6 R. and the pulse rate was 
144. She was treated for a broken rib. The diagnosis of a probable ruptured 
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spleen was made. At operation a rupture of the anterior surface was found, for 
which splenectomy was done. Because of tlic shortness of the splenic pedicle a 
portion of the tail of the pancreas had to be included in the ligature. Recovery 
ensued. 


Case 145 (Sertoli, 1936). — A man aged 49 was In't by a motorcycle. There 
was sliglit contracture of tlic abdomen the first few days, but on the ninth day 
the patient became gravely ill with generalized abdominal pain, collapse, anemia 
and generalized rigidity. The pulse rate was 100. The diagnosis of a perforated 
gastric ulcer was made. At operation a large splenic laceration was found, and 
splenectomy was done. The patient died. 


Case 140 (Laportc, 1930). — A man aged 35 was struck and pinned under a 
car. He vomited after the accident. After two days sharp pain developed in 
the left hypochondrium and he went into sudden collapse. The pulse rate was 
120. A ruptured spleen was found at operation, and there were 4 liters of blood 
in the peritoneal cavit}’ and a tear near the hilus. The patient died in shock after 
the operation. 


Case 147 (Laporte, 1930). — A man aged 32 suffered a fall. Two days later 
sharp periumbilical pain and pain in the left shoulder suddenly developed, asso- 
ciated with nausea and tenderness and dulness in the splenic region. The pulse 
rate was 100. A ruptured spleen was revealed on operation, and there was 1.5 
liters of blood in the abdominal cavity. A subcapsular hematoma was present. 
Recovery took place after operation. 


Case 148 (Mouchet and Legcr, 1936). — A man aged 32 fell from a roof. 
Three days later he had sudden pain in tlie left upper quadrant of the abdomen, 
pain in the shoulder and nausea, followed by collapse. There were tenderness 
and rigidity in the left upper quadrant of the abdomen and slight distention. 
The temperature was 37.6 C. (99.68 F.), and the pulse rate was 120. There vyere 
a fractured eleventh rib and a left hemothorax. A ruptured spleen was diag- 
nosed. Subcapsular hemorrhage and tear of the diaphragmatic surface of t ie 
organ were discovered at operation, and there was 1.5 liters of free blood in tie 
peritoneal cavity. Phlebitis developed, but the patient eventually recovered. 

Case 149 (De Monic, 1937).— A youth aged 20 fell off a motorcycle, striking 
the left side of his chest and flank. Two days later the patient went into su en 
collapse, with vomiting, low blood pressure, pain in the epigastrium an e 
shoulder and tenderness in the epigastrium and left hypochondrium, whm i m 
twenty-one hours became localized in the left upper quadrant of the a omen. 
There was dulness in the region of the liver and the left iliac fossa. T e cm 
perature was 37.2 C. (98.96 F.) and the pulse rate 120. A ruptured spleen wi 
subcapsular hematoma and a hilar tear was found at operation. Splenectomy w 
followed by recovery. 


Case 150 (Bonficld, 1937).— A man aged 27 was in an automobile that was 
struck by a streetcar. He appeared pale after the accident. Two days ^ 
went into collapse, with severe abdominal pain, chiefly in the left hypoc ion n ^ 
The spleen was found to be ruptured and was three times its norma 
subcapsular hematoma and a tear in the conve-xity of the spleen were o 
Postoperatively the hemoglobin content of the blood was 60 per cent an 
white cell count 43,000. The patient recovered. 

Case 151 (Hohenwallner, 1938).— A man aged 55 had a fall and was hospitaj 
ized for five days. Four months later he became suddenly sick -wit i a 
pain. Pallor and abdominal dulness, distention and tenderness were note on ex. 
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ination. A diagnosis of perforated peptic ulcer was made. There was a tear of 
the upper pole of the spleen o cm. deep. The patient had had malaria twenty 
years previously. He recovered after operation. 

C.\SE 152 (Lange, 1938). — .A. man aged 45 was hit in the left side of the 
abdomen. Pleurisy developed, followed on the fourth day by cold sweats and 
pain in the left shoulder and abdomen, associated with rigidity and tenderness 
A ruptured spleen was found at operation. After a follow-up period of nine 
months recovery was considered complete. 

C.^SE 153 (Wright and Prigot, 1939). — A woman aged 36 was in an auto- 
mobile accident. She had pain in the left upper quadrant of the abdomen for a 
few days. Two weeks later there was a sudden onset of pain in the left side of 
the chest and the left shoulder, with nausea and fainting. The blood pressure 
was 90 systolic and 74 diastolic. The red cell count of the blood was 2.900,000. 
the hemoglobin content 65 per cent and the white cell count 6,100. The patient 
"as short of breath. An abdominal tap revealed blood. A diagnosis of acute 
pancreatitis was made. A ruptured spleen was discovered at operation. Splenec- 
tomy was followed by recovery. 

C.ASE 154 (Wright and Prigot, 1939). — -A woman aged 22 sustained a fracture 
of the eighth rib on the left side in an automobile accident. The patient had 
recurrent symptoms indicative of slow onset of hemorrhage. Two weeks after 
the accident pain in the left side of the chest and left shoulder and general 
malaise developed. After three days she again became asymptomatic, remaining 
so until tlie day before her admission to the hospital, three weeks after the acci- 
dent. At the time of her admission the hemoglobin content of the blood was 
“iS per cent, the red cell count 2,700,000 and the white cell count 21,300. The 
temperature, pulse and respirations were normal. The original diagnosis of 
pneumonia was changed to that of splenic rupture because of abdominal symp- 
toms of increasing severitj-. Splenectomy was performed, and the patient recovered. 

Case 155 (Blocker, 1939). — A man aged 34 felt a sharp evanescent pain in 
the left upper quadrant of the abdomen while lifting a heavy beam. One and 
one-half days later, while at the stool, the patient was seized with pain in the 
left flank. Pallor and generalized abdominal tenderness were noted. The blood 
pressure was 90 systolic and 60 diastolic, and the pulse rate was 128. There was 
dulness in both flanks. A diagnosis of probable ruptured spleen was made. The 
spleen was found hanging from the pedicle by a few shreds of capsule, and a 
subcapsular hematoma was present. Recoverj- took place after operation. 

Case 156 (Delannoy, 1939). — A man aged 45 fell off a bicycle. .After the 
accident he had slight persistent pain in the left upper quadrant of the abdomen. 

On the eighth day, on arising from bed, he was suddenly seized witii a sharp 
pain in the left upper quadrant and collapsed. There were tenderness and abdom- 
inal distention. The temperature was 37.9 C. (100J2 F.) and the pulse rate 90. 
Tlierc were ecchymoscs at the umbilicus. .At operation a ruptured spleen with 
iaceration of the superior pole and parenchymatous hemorrhage was found. There 
"as 1.5 liters of blood in the abdomen. The patient recovered after splenectomy. 

Case 137 (Webb, 1939). — .A boy aged S years was struck In a puck durine 
a hockey game. On the fourth day. while he was putting on his ctvit. ii.iin in 
"’v left side and classic symptoms of ruptured spleen suddenly developeti. At 
operation a laceration of the outer suriace and two su!>capsular hematoma^ were 
'"und. The patient rexenerc'd after splcuextomy. 
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J5S (Orator, IW9).-A yotuh a^^cd 17 was hit in tlie left upper quadrant 
o the ahcloiiicn. ImrIu days later lie was suddenly seized witli abdominal pain, 
associated with shock, weakness, pallor and a henioBlohin content of 50 per cent. 
Operation disclosed an intra-ahdominal heniorrhage. Splenectomy ivas performed, 
ana recovery ensued. 

Cask 159 (Orator, 1939). —A man a^cd 38 was struck in the left upper 
qua rant o the ahcloineu in an automobile accident. He was asymptomatic until 
three days iatcr, when some aiKlominal pain developed. On the fifth day the pain 
suddenly hecarne worse, so that he was iinahle to stand up. The hemogloliin 
content of the hlood was 70 per cent and the white cell count 17,000, and there 
was tenderness in the left upper quadrant of the abdomen. A diagnosis of splenic 
rupture was made. Operation revealed that the c.ipsule was separated from the 
entire conve.x surface of the spleen and that there was 1.500 cc. of free hlood. in 
the peritoneal cavity. Splenectomy was followed by recovery. 

Case 160 (Kufferath, 1939), — A tvoman aged 24 walked to the hospital after 
being hit in the left upper quadrant of the abdomen. She had pain in the back 
and a slow onset of symptoms of internal hemorrhage. At operation 1,500 cc. of 
flee blood was removed. The patient recovered after splenectomy. 

<3ase 161 (Segal and Jaffc, 1939). — A woman aged 42 fell downstairs but 
continued with her housework until the twelfth day after the accident, when she 
suffered increasing pain in the left side of the abdomen associated with vomiting. 
Within twenty-four hours the patient was in shock. The blood pressure was 50 
systolic and 0 diastolic. The hemoglobin content of the blood fell from 62 to 42 
per cent and the red cell count from 3,400,000 to 2,900,000. The white cell count 
was 12,200. The pulse rate ranged from 100 to 130. At operation a ruptured 
spleen with a tear of the capsule and tamponade bj’ clots was found. Splenectomy 
was done, and the patient recovered. 

Case 162 (Piulachs, 1939).— A man aged 46 fell 12 feet (3.65 meters). On 
the twelfth day pain in the shoulder, collapse, pallor and swelling below the ribs 
developed over a period of seven hours. The temperature was 37.5 C., and the 
pulse rate was 100. A cyst of the spleen was found on operation, and there were 
hemorrhage and fragmentation. A laceration of the kidney was also revealed. 
The patient died. 

Case 163 (Zschau, 1939). — A man aged 30 was hit by' a motorcycle on the left 
side. He had some pain on the left side on expiration, and his left elbow was 
fractured. Seven days after the accident rapid collapse occurred, accompanied 
with abdominal pain. Operation revealed a 6 cm. tear in the spleen, with infarction 
and with 750 cc. of free blood in the peritoneal cavity. Splenectomy was followed 
by recovery. 

Case 164 (Foster and Prey, 1940). — A boy aged 13 tripped over a fence, 
striking his chest and abdomen. He had no immediate symptoms other than mild 
colic. On the third day he was seized with pain in the left side of the abdomen 
and vomited. Examination revealed dulness in the left flank, with rigidity. 1 1"-’ 
hemoglobin content of the blood was 80 per cent, the red cell count 3,500,000 .md 
the white cell count 12,500. The temperature was 99.6 F., and the pulse rate 
was 85. A diagnosis of delayed splenic rupture was made. At operation bleeding 
of the superior pole of the spleen was found, and tamponade was done. A woum 
rlisruption with secondary hemorrhage and an intestinal obstruction necessitate! 
two additional operations, but the patient eventually recovered. 
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Cape 165 (Piicptow, 1940). — .A man aged 43 fell 102 feet (31 meters). He 
fractured eight ribs on the left side, the first lumbar vertebra, the left tibia and 
the left os calcis. There was slight rigidity in the left upper quadrant of the 
abdomen. On the fifteenth day he was suddenly seized with severe pain in the left 
upper quadrant of the abdomen and left side of the chest. Collapse ensued, and 
abdominal rigidity and tenderness were noted. The pulse rate was 140. .At 
operation intra-abdominal hemorrhage, probably splenic, was discovered. There 
was also a subcapsular hemorrhage, and the pedicle of the spleen was torn. The 
patient recovered after splenectomy. 

Case 166 (Steenrod, 1940). — .A lineman aged 20 fell 30 feet (9.4 meters) after 
contact with a live wire. He was severely burned and suffered a fracture of the 
tenth rib on the left side, with pneumothorax. Nine days later severe epigastric 
pain developed, accompanied with vomiting and collapse. The blood pressure was 
70 systolic and 0 diastolic. Fluid waves were noted in the abdomen. The temp- 
erature was 99.6 F., and the pulse rate was 128. A spleen enlarged to three 
times its normal size and a tear of the lower pole of the spleen were found at 
operation. Evisceration with obstruction in the splenic fossa subsequently developed, 
and the patient died on the twenty-ninth day. 

Case 167 (Cheeves, 1940). — .A youth aged 17 suslanied an injury while playing 
football. He presented slowly developing, recurrent symptoms of splenic rupture 
and after two days went into shock. At operation a subcapsular hematoma and 
a large laceration across the middle of the spleen were found. Splenectomy was 
followed by recoveiy. 

Case 168 (Davis, 1940). — A woman aged 38 was in an automobile accident. 
She received a blow over the left side of the chest, followed by pain in the left 
upper quadrant of the abdomen and the left shoulder. Four days later she had 
an attack of generalized abdominal pain, felt nauseated and collapsed. The pulse 
rate was 132. The blood pressure was 118 systolic and 78 diastolic, the hemo- 
globin content of the blood 25 per cent and the white cell count 12,600. There 
was general abdominal tenderness, with dulness in both flanks. The spleen was 
found to be disrupted on operation. The padent died ten hours postoperatively. 

Case 169 (Muller, 1940). — -A railroad engineer aged 40 was struck on the 
left side when his bicycle fell on top of him, but was able to go to work. Six hours 
later he went into a state of collapse, with pain, tenderness and rigidity in the left 
upper abdominal quadrant. The white cell count of the blood was 15,200 and 
the hemoglobin content 85 per cent, and there were signs of fluid in the abdomen. 
Operation revealed a tear in the splenic capsule with coagula in the substance of 
the organ. Splenectomy was followed by pneumonia and death on the fifth day. 

Case 170 (Muller, 1940). — .A laborer aged 38 was well for thirty-six hours 
after a fall. With a slow onset over a twelve hour period abdominal pain developed, 
accompanied with tenderness in the left upper quadrant of the abdomen, pallor and 
weakness. The temperature was 38 C. (100.4 F.), the white blood cell count 18.000 
and the blood pressure 120 systolic and 85 diastolic. .A diagnosis of acute appendicitis 
preceded operation. .A tear at the hilus of the spleen with free blood in the 
peritoneal cavity was found. Splenectomy was followed by evisceration and 
peritonitis, and death occurred on the eighth day. 

Case 171 (Muller, 1940). — A woman aged 40 fell downstairs, striking the left 
side very hard. Except for occasional pain in the shoulder she was well for two 
years, after which abdominal pain, weakness and tenderness in the left upper 
<iuadrant of the abdomen suddenly developed. .A diagnosis of peritonitis led to 
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operation, at wliiclt free blood was found in the peritoneal cavity coming from a 
tbick-walled lieniorrliagic cyst in tlie left upper quadrant of the abdomen and 
attached to tlic spleen. Splenectomy led to recovery. 

Case 172 (Deaver, 1941). — A man aged 24 stifTcred fractures of the nose, left 
scapula, left clavicle and left third and fourth ribs when an automobile in which he 
was riding overturned. There was transient pain in the left upper quadrant -of 
the abdomen. On the twenty-third day severe abdominal pain suddenly developed, 
followed bj' collapse. Slight anemia, abdominal tenderness and fluid waves were 
noted. The temperature was normal, and the pulse rate was 108. Roentgenograms 
showed elevation of the left dome of the diaphragm. Splenectomy' revealed that 
the anterior surface of the spleen was torn. The patient recovered. 

Case 173 (Frank, 1941). — .A. youth aged 17 was injured while playing football. 
He had no definite complaints until two days later, when pain in the left side 
of the abdomen and left shoulder developed, followed by collapse. On his 
admission to the hospital the temperature was 100 F. and the pulse rate varied 
from 80 to 90. At operation an intra-abdominal hemorrhage was revealed. The 
spleen was torn completely through, tlie tear extending into the splenic pedicle. 
The patient recovered. 

Case 174 (Fey and Turow, 1941). — A man aged 50 was struck over the left 
side of the chest in a fight. On the sixth day pain in the epigastrium and the 
left shoulder developed, and the patient vomited. Eight hours later he went into 
shock. No attempt was made to elicit Ballance’s sign. The temperature was 
96 F., and the pulse was feeble. The pulse rate w’as 140; the respiratory rate, 
36. At operation a subcapsular rupture of the spleen was found. The patient 
recovered. 

Case 175 (Lommen, 1942).— On June 6, 1936 a boy aged 14 collided with 
another boy while chasing a ball, the other boy’s head striking him in the abdomen. 
He was at once brought to the hospital. The red blood cell count was norma . 
the white cell count, 18,600. There were some generalized abdominal pain an 
tenderness. Two days after the accident the patient was discharged with a diagnosis 
of contusion of the spleen, and three days later he returned to school. On June 
seven days after the accident, abdominal pain, tenderness and rigidity, especia y 
in the left upper quadrant, suddenly developed, accompanied with faintness, sweating, 
pallor and a compressible pulse. A splenectomy, performed at once after a oo 
transfusion, revealed a laceration 7 cm. long in the region of the hilus an miic i 
blood in the peritoneal cavity. The patient recovered. 

Case 176 (Roettig, Nusbaum and Curtis, 1943). — A male college ,'y’ 

admitted to the hospital shortly after an automobile accident as a result o 
he lost consciousness. He was not in shock. He remanied in the 
the eighth day sat up in a chair. The red cell count had fallen from 5,0 , 
day of admission to 3,420,000 the day he sat up. That evening he ^ . 

severe abdominal pain, with signs of shock. The red cell count was 2,^ , 

the white cell count 35,000. Operation performed after a blood transfusion 
a ruptured subcapsular splenic hematoma, which was treated by tampona 
suture. Recovery ensued. 

Case 177 (Roettig, Nusbaum and Curtis, 1943). — An 18 year old boy 
hospital with severe abdominal pain, nausea, vomiting and weakness of tne \e ^ 
duration. Five weeks previously' he had been struck in the left upper qua 
abdomen in an e.xplosion. The temperature was now 100 F.. the pu se ra 
the respiratory rate 20 and the blood pressure 90 systolic and 50 diasto ic. 
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red cell count was 3,900,000 and the white cell count 22,400. The patient had 
severe pain with generalized abdominal rigid! U- and tenderness. At operation, a 
perisplenic hematoma was found with an associated laceration of the spleen. The 
laceration was sutured and the splenic fossa packed. The patient had an uneventful 
recovery. 

AX.VLYSIS OF CASES 

--/(/r. — The greatest number of injuries occurs during the third 
decade of life, and the number remains relatively constant through the 
following three decades. This observation is .at variance with the 
opinion of those who say that splenic injurv is incurred most frequently 
in the younger age group. The youngest patient was 4 years old; the 
oldest, 61 years. In IMcIndoe’s series most injuries occurred between 
the ages of 15 and 50 years. 

‘S'e.r. — Fift_v-five of the patients in tliis series were males; 15 were 
females, producing a ratio of 3.5 to 1. The ratio given in a previous 
large collection of cases was 9 to 1. 

T.\Ble 3. — Ty/’c of Accidait Producing Delayed Sflenie Rupture 


FaUs 

-Autouiobile accidents.... 

Assault and battery 

ilotorcycle accidents — 

Bicycle accidents 

Run over by automobile 

Blows by objects 

Football injuries 


Initial Injury . — The normal spleen is small and fixed in a protected 
position. Subcutaneous injuries to the spleen are usually the result of 
severe or moderately ser'ere trauma. Robitshek was of the opinion 
that while slight trauma may produce these injuries, it is usually of a 
degree sufficient to produce other accompanying injuries. However, 
the damage to the spleen is of course slight, because temporarr- reco\-ery 
usually takes place in a short time. Severe trauma, such as that due 
to a fall from a great distance, or to being pinned under a car, was 
responsible for 19 cases. 3Ioderately severe trauma, such as is caused 
by an automobile accident, a fall or a blow by object or fist, accounted 
for 44 cases. In 5 instances the trauma was slight, being due to a 
fall while the patient was ice-skating or walking, to bumping the left 
side or to falling over a low fence. In only 1 case was the rupture 
spontaneous — the case of a man who felt a stitch in his side \\ hile 
hfting a heavy beam. This was probably the result of direct violence 
to the spleen bv muscular compression. Injury directed to the left 
hypochondrium is markedly infrequent. It has also been noted that 
direct violence usually causes parenchymal and capsular lacerations, 
while indirect violence often is responsible for hilar tears. *I able 
Iireseius the frequenev of each type of injury. 
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P osier jincl J^’rey reported automobile accidents as the responsible 

immediate hemorrhage. Bailer 
(U2/) found street accidents to be more important than falls (14 and 
10 cases respectively out of a total of 32 cases of splenic rupture of all 
t)pes), even though In’s report partial!}^ covered a period before the 
automobile (1894 to 1926). In another series of splenic ruptures of 
til 1} pes Connoi s reported that in 22 cases the trauma was caused by 
the patient s being struck by a vehicle and in 7 it was due to a fall. 
In 3 of Connors cases there was a free interval of at least twenty-four 
hotiis. 1 hese occurred in a series of 32 subcutaneous ruptures of 
the spleen of all t 3 'pes, an incidence of 9 per cent. In the present series 
of cases of delayed hemorrhage automobile accidents were causative 
in IS pel cent, while falls accounted for 38 per cent. It appears that 
automobile accidents are more apt to produce immediate splenic heinor- 
ihage, Avhile falls are the most common cause of delayed rupture of 
the organ. 

Latent Period . — The latent period, so termed by Baudet, a period 
of symptomatic relief following the injury, denotes the interval from 
the cessation of bleeding following the initial injury to the onset of 
secondai'}'' hemorrhage. The mechanisms of hemostasis involved will 
be discussed under pathogenesis. The duration varied from several 
hours to three months, but secondary hemorrhage occurred most often 
before the end of the first week. Meindoe stated that it took place 
most frequenti}' from the third to the ninth day. Hageney (1939) found 
the interval in from 50 to 60 per cent of his cases to be less than 
one week, in 20 per cent from one to two weeks, and in the remainder 
less than thirtj^-nine days, with the exception cf 1 pavient who had an 
interval of six months. Orator (1939) presents a case of splenic 
rupture occurring two years after the patient was hit in the left side. 
The extremely long interval gives rise to doubt as to any connection 
between the original injury and the subsequent rupture. Schmid (1935) 
stated that no cases of delayed splenic rupture occurred with an interval 
of more than nineteen days. This is not strictly accurate, for in the 
present series there were 8 patients in whom bleeding began after 
twenty days. Furthermore, Meindoe’s classic article cited 1 case with 
an interval of six months. Kallius (1942) stated that in 80 per cent 
of cases the capsule ruptures within the first week and in 20 per cent 
within the second or third week. Muller’s third case (1940), with 
a two j'car latent period (case 171), seems to be quite authentic, how- 
ever, the thick-walled, head-sized hemorrhagic cyst indicating the chronic 
coui'se. Table 4 notes the frequenc}'^ of the duration of the latent 
period. 

It has been thought that a diagnosis of ruptured spleen could be made 
during the latent period and splenectomy performed Itefore sccondar\ 
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hemorrhage took place. Delannoy (1939) distinguished two clinical 
t 3 -pes of secondar\- hemorrhage: 1. Rupture with retarded symptoms, 
which corresponds with a perisplenic hematoma. With this type the 
patient continues to suffer pain in the left hypochondrium or shoulder. 
The temperature or pulse rate may be elevated. Gastrointestinal dis- 
orders occur. There may be persistent tenderness, rigidity or dulness. 
Roentgenograms may show a paralyzed diaphragm with a subjacent 
shadow. 2. Splenic ruptures with retarded hemorrhage, corresponding 
to intrasplenic or subcapsular hematoma. With this variety symptoms 
appear suddenly after a completely asymptomatic period. 

Symptoms and Signs During Latent Period . — In the present series 
pain was the outstanding sjanptom during the latent period. It A-aried 
from abdominal discomfort to pain localized in the left upper quadrant, 
colicky or persistent. It was localized to the left upper quadrant in 

Table 4. — Length of the Latent Period Bctieecn Injury and 
Delayed Stlenic Rupture 


Latent Period 


Cases 


5-lS hours.. 
2- 6 days... 
7-11 days... 
12-16 days... 
21 days... 
23 days... 

27 days... 

28 days... 
35 days... 
41 days... 

3 months, 
2 years. . . 


11 

22 

13 

7 

1 

1 

1 

1 

1 

1 

1 

1 


only 4 instances. Two patients were unable to stand erect because this 
position initiated the pain. Rigidity and tenderness during the first 
few days after the accident were uncommon findings. In only 1 case 
was there definite enlargement of the abdomen. Systemic signs of 
bleeding, such as pallor, malaise, faintness, sweats and iveakness Avere 
noted but AA'ere uncommon. One patient complained of pain on the 
left side of the loAver part of the chest Avithout a broken rib. One of 
our patients had an unexplained rise of temperature to 101 F. Definite 
CA’idence of a perisplenic hematoma during the latent period AA'as not 
present in any case. Mclndoe. hoAA-eA-er. AA-as able to note a feAV instances 
of this A-ariety of injury in AA-hich the folloAving signs AA-ere present: 
fulness and an increase in splenic dulness, slight pallor, AA’eakness. dizzi- 
ness or occasional fainting. Costal breathing and an accelerated pulse 
rate Avere also reported. Quenu (1926) felt that a diagnosis of ruptured 
spleen could be made during latency on a person aa-Iio after receiving 
trauma to the left liA-pochondrium presented a good general state but 
bad some sensitiA'ity in that area, a slight but persistent rigidity and 
a slight elevation in temperature. Oudard and Guichard (1932) stated 
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that two t 3 'pcs of symptoms were present as a result of bleeding, with 
the accompanying peritoneal irritation: (1) pain in the splenic region 
with rigidity and increased splenic dulncss, and (2) immobilization of 
the left lobe of the lung without pleural or pulmonary signs. 

Pathologic Changes in Subcutaneous Rupture. — Obviously, the 
pathologic changes in this condition varj^ with the stages of the process, 
which arc the initial injury, the latent period and the period of secondary 
hemorrhage. 

Four types of initial injury arc re.sponsible for the progression of 
the sj'mjjtoms. 'J'hc}' are ; (1 ) minor j)arench 3 'mal contusions or cap- 
sular lacerations; (2) intrasplenic and subcapsular hematoma; (3) 
perisplenic hematoma with an initial parench 3 anal and capsular lacera- 
tion; (4) tears of the pedicle. 

The first type is purely theoretic, because the symptoms provoked 
are not severe. Minor injuries tend to form blood cysts or to heal 
spontaneously and do not warrant exploration. Undoubtedly the major- 
ity of intrasplenic and subcapsular hematomas remain as sucli, or they 
may continue to bleed, subsequently producing capsular ruptures and 
free peritoneal hematoma. The changes incident to a perisplenic hema- 
toma will be discussed. It is rather difficult to see in what way 
hilar tears may be responsible for secondary hemorrhage. All of the 
authors whose cases are included in this report have cited instances of 
spontaneous rupture of a supj 50 sedl 3 ^ previousl 3 ' normal spleen. Zschau 
(1939) reported a delayed rupture of a leukemic spleen. Ruptures of 
malarial spleens are frequent, and Maes and Rives (1941) state that 
one thirtieth of all deaths in the, malaria-infested area about Calcutta 
are due to such an accident. 

In the present series, as in Meindoe’s, intrasplenic bleeding occuired 
before rupture of the capsule in over 50 per cent of the cases. In ‘'i 
few cases there was an associated laceration of the capsule with a 
perisplenic hematoma. A combination of subcapsular hematoma an 
capsular laceration was present in only 14 of the 57 cases with ayai 
able data. Lacerations were the most frequent operative finding. 1 
violence of the secondaiy hemorrhage caused disruption of the spleen 
in 5 cases and detached the spleen in 1 case. Free or clotted bloo 
in the peritoneal cavity was absent in only 1 case, an instance of sin 
capsular hematoma without a capsular tear. Table 5 summarizes t ic 
operative findings. 

The pathogenesis of the latent period can be interpreted in \ at ions 
wa 3 "s. I'his is an interesting field for speculation, and the following 
theories and observations have been offered : 

1. Temporary hemostasis produced hy the state of shock. Hcnior 
rhage is concomitant with the injur 3 '. Should the hemorrhage frorn 
splenic injur 3 ’ be severe enough to produce shock, temporar}’^ cessatio 
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of blcecliny; is afrcctccl by tlic same processes as are seen in shock 
froin other causes. This tlieory is more directly applicable to cases 
of immediate hemorrhage, in which it is frequently noted that improve- 
ment follows the initial shock stage. 

2. Hematoma under tension. Intrasplenic bleeding may be made 
to cease by an enlarging hematoma which exerts compression on the 
contused pulp. 

3. Theory of subcapsular hematoma. Demoulin expressed the belief 
that when bleeding is more or less abundant the capsule is detached 
and forms a sort of hood in which clots collect. Then from any cause 
whatever, even from distention, the capsule ruptures, producing intra- 
peritoneal hemorrhage. 

T.\di.e 5. — Pathologic Changes in Delayed ShRnie Rnt’tnrc 


Changes in tlie Spleen 


Cases 


Tear of convexity 2C 

Tear of diaphragmatic surface 2 

Tear of costal surface 1 

Tear of superior pole 1 

Tear of inferior pole I 

Multiple lacerations 3 

Subcapsular hematoma IS 

Multiple subcapsular hematoma 1 

Complete decapsulation — ....’. '. 1 

Laminated perisplenic hematoma 1 

Disruption of spleen 5 

Spleen torn from pedicle l 

Tom pedicle * 

Tear through spleen into pedicle l 

Rupture of an infarct 1 

Xo free blood in peritoneal cavit.v 1 

Combined subcapsular or parenchymal hematoma and lacera- 
tion of spleen or pedicle U 


4. Formation of clots at the laceration (^^'erthmann). Clots in 
A’arious stages of organization have been observed rather frequently at 
the site of the laceration. The extrasplenic clot is detached readily 
even by minimal effort. 

5. Tamponade b}^ omentum (JMannheim, Routier, Rast-Kolb). 
Plugging of the laceration b}' omentum is believed to be one of the 
most effective means for arresting hemorrhage. 

6. Tamponade b}' stomach, colon or adhesions (Oudard and Guich- 
ard). The distended stomach or colon may seal the laceration. Abnor- 
mal perisplenic adhesions may do the same. These organs help keep 
the clot in the laceration under tension. 

7. Theory of perisplenic hematoma (Delannoy, iMcIndoe). The 
spleen is surrounded by a potential space bounded on all sides bv organs 
which are easilv displaced. Hemorrhage from the injury surrounds the 
spleen, elevates tlie diaphragm and displaces the splenic fle.xure of 
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llie colon and the parietal walls. Adhesions are formed, uniting the 
various organs and producing an enclosure which does not permit 
peritoneal flooding. 

8. T heory of threshold of hemorrhage (Laporte). The organism 
can tolerate some hemorrhage, hut at a certain threshold signs of 
hemorrhage ai)pear. This theory is borne out by those cases that have 
an onset prolonged over several hours. 

Kment in 1930 reviewed 42 cases of delayed rupture and found 
that in 8 of these there was self tamponade with blood clots and in 3 
with adhesions. In Herfarth’s scries there were 8 cases of tamponade 
by clots, 1 of tamponade by omentum and 2 of tamponade by adhesions. 
Hageney (1939) collected 70 cases of dela3'ed splenic rupture, in 75 
per cent of which the condition was due to rupture of a subcapsular 
hematoma and in the remainder to temporar}' blockage of the tear with 
clots, omentum or other organs. 

Secondary Hemorrhage . — The S3'mptoms and signs of splenic hemor- 
rhage are those of peritoneal and diaphragmatic irritation, shock and 
hemorrhage. It is a matter of no small surprise to have an onset of 
severe pain or shock following minor exertion or apparently coming 
on spontaneously. In 4 cases the onset occurred while the patient 
was straining at -stool. In 1 patient it occurred when he was arising 
from bed, and in another, while she was washing clothes. Frequently 
it occurred when no unusual stress was present. 

The usual abrupt onset of secondary hemorrhage initiates a char- 
acteristic train of symptoms. It is ushered in with pain in the abdomen, 
chest or shoulder. The abdominal pain, varying in severity, may be 
general or localized to the left side of the abdomen, left hypochondrium. 
epigastrium, upper part of the abdomen or periumbilical region. In 
only 1 patient was abdominal pain absent. Pain in the left shoulder 
(Kehr’s sign) was present in 19 of 68 recorded cases, and pain Ioa' 
in the left side of the chest was the presenting s3’’mptom in 3 cases. 
Kroh (1939) doubted the importance of pain in the left shouldei as a 
sign of splenic rupture. In a series of 7 cases of splenic trauma per 
sonally observed during the previous three 3'ears, this author did not 
once see a positive example of this sign. Tenderness was generalize 
or localized to the left upper quadrant of the abdomen. In onh' 
instance (Dodd’s first case, our case 137) was it over the cecum, anc 
this patient was the onl3' one who had diarrhea. Dodd’s explanation 
of this phenomenon is as follows: Bleeding from the lacerated spleen 
irritates the splenic flexure and descending colon into contraction, t iu.« 
causing the diarrhea. Later, this segment of bowel becomes parah'^e^ 
liy aseptic peritonitis. The ensuing partial intestinal obstruction i--’ 
followed 133- distention and tenderness of the cecum in the right 1 lae 
fossa. XT-strdm (1918) reported 3 cases of immediate splenic rupture 
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in which intestinal distention was severe. Rigidity, when present, was 
more often general than local. In 3 cases with pain, rigidity and 
tenderness were absent. Mclndoe e-xpressed the opinion that rigidity in 
abdominal contusions, not limited to the injured part, is of diagnostic 
significance and is a clear indication for laparotomy. 

Nausea or vomiting occurred in 17 cases. Diarrhea and constipa- 
tion were each present once. 

Collapse, or shock resulting from hemorrhage, soon follows or may 
be an initial sign. Shock was noted in 31 instances and s3-ncope in 4. 
The accompanying signs of hemorrhage were noted as follows: Low 
blood pressure was recorded in onh- 8 cases ; in 3 it was normal at the 
onset. Acute anemia was recorded 18 times. Pallor was present in 
28 cases. Weakness, sweating, restlessness and air hunger also were 
noted. Fifteen patients had a white cell count ranging from 12,000 
to 43,000. In 1 case there was a normal white cell count. The s}'mp- 
toms of shock and hemorrhage are indistinguishable clinicalh', except 
in those patients who improve after the initial shock but have sr'mptoms of 
hemorrhage later. Furthermore, the two conditions need not be differ- 
entiated, since they are treated in a similar manner (Harkins). Berger 
stated that 51.8 per cent of patients with a ruptured spleen die within 
one hour as the result of hemorrhage. Seven of IMcIndoe's patients 
died before anything could be done for tliem. 

The presence of blood in the peritoneal cavity may be determined 
by percussion. Dulness limited to the splenic region or in the left 
Hank was noted in 23 cases. A fluid wave was obtained in 7 instances. 
Ballance’s sign, fixed dulness in the left flank due to the enlarging hema- 
toma and shifting dulness in the right flank, was present in 1 case. 
This sign should be present at some time during the course of the 
disease. Abdominal distention was obseiwed 9 times. 

The temperature was most frequently normal or subnormal. Slight 
elevations are not uncommon, but temperatures above 100 F. are dis- 
tinctly rare. The pulse is usually rapid and poor in quality. In 10 
instances the pulse rate was below 90. Respiration is rapid and costal 
in type. 

Two signs are frequenth' cited in the literature . 

Ballance’s sign, shifting dulness in the right flank and fixed dulness 
in the left, indicates a large amount of free blood as well as a large 
hematoma. Bailey (1927) stated that there are many references to 
this sign in the literature but that the consensus seems to be that it is 
so rarelv present as to be almost valueless. Connors (1928) noted it 
in only l of 32 subcutaneous splenic ruptures. Rousselot and Illyne 
noted "it in 5 of 17 cases. In our series it was also noted onl\- once. 

Kehr’s simt is referred pain in the left shoulder due to stimulation 
of the phrenic nerve. Bailey (1927) found this si.gn quite evident 
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in certain of his cases of ruptured spleen. Rousselot and Illyne noted 
it in 4 of 17 cases. Kelir’s sign was present in at least 28 per cent 
of our cases and was a niucli more useful diagnostic help than Bal- 
lance's sign. 

Diaguostic Aids . — Leulcocytosis and the anemia of hemorrhage have 
already been discussed. Roentgen e.xamination has proved of value in 
establishing a diagnosis in a few cases. Webb (1939) reported the 
following ebanges in a tyjjical case : (!) increased density in the left 
upper quadrant of the abdomen; (2) elevation of the left side of- the 
diaphragm; (3) displacement of the stomach to the right side; (4) 
free fluid between loops of the intestine. In 1 of our cases with con- 
tinuing hemorrhage the diaphragm was markedl)" elevated. In another 
case we observed recentl}' the colon was displaced mediall}’^ and a shadow 
marking a mass was present in the left upper quadrant of the abdomen. 
Bancroft (1942) noted a separation of the air shadow in the stomach 
when the patient was in an inverted position. Bancroft’s patient, a 
bo}'- aged 11 years, was in the hospital for three days after receiving 
a blow to the left side. The temperature was 100 F. ; the hemoglobin 
content of the blood was 70 per cent, and the patient felt quite weak. 
Bancroft gave the patient barium sulfate by mouth, put him in the 
Trendelenburg position and observed a mass in the region of the spleen 
displacing the stomach. Operation revealed a lacerated spleen with a 
massive hematoma. Splenectomy was performed. This is one of the 
few cases in which operation was done to forestall a secondary rupture 
of the spleen. Burke and Madigan (1933) administered colloidal 
thorium dioxide (24 cc.) to a patient with a ruptured liver and spleen 
after operation, and were able to outline the ruptures in these organs. 
One half of the usual dose is used. The}' thought this procedure might 
be of value when physical signs are obscured, as by alcoholism. Hon- 
ever, this procedure requires about four hours and is not without danger. 

Paracentesis has been recommended by Wright and Prigot. In 
13 out of 15 cases, including 2 cases of delayed hemorrhage, the resii t 
of the test pi'oved positive, i. e., blood was obtained. Two a se 
positive” results were obtained on patients with ruptured kidneys. 
tap may have to be I'epeated if the patient continues to show signs 
internal bleeding and the first tap gives a negative result. Vagun 
puncture has been used to obtain peritoneal blood. Bumm (1931) usc^^ 
this procedure on a patient with a preoperative diagnosis of rupture 
ectopic pregnancy. 

Peritoneoscopic examination has not been used, but it ma} Jc 
value in doubtful cases. 

Associated Lesions . — Other lesions resulting from the initial 
may obscure the underlying splenic trauma. Fractured ribs on 
left side were noted in 11 instances. Mclndoe noted this eatiw 
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10 of his 46 cases. Intrathoracic hemorrhage and pneumothorax on 
the left side were seen once. Contusion and laceration of the kidney 
and a hematoma of the mesentery were also present. Fractures of 
other bones were rare and are unimportant from a diagnostic stand- 
point. De Clothe found fractured ribs in 10 per cent of his cases, 
while lesions of the left kidney accounted for 12 per cent. In 5 per 
cent there was accompanying damage to the lungs. This frequenc\- 
of fractured ribs with splenic rupture should make one suspicious of 
the underlying splenic injury. 

Prcopcrativc Diagnosis . — A correct diagnosis of splenic bleeding was 
made in 20 cases. Internal hemorrhage was diagnosed in an additional 
12 cases. The following mistaken diagnoses were made : ruptured 
ectopic pregnancy in 3 cases : perforated peptic ulcer, peritonitis and 
acute appendicitis, twice each ; acute pancreatitis and pneumonia, once 
each. In 24 cases a preoperative diagnosis was not presented. 

Results oj Operation . — Difficulty in diagnosis and watchful waiting . 
are the causes for the high mortality. Kallius (1942) points out that 
the prognosis of secondary rupture of the spleen is less favorable than 
that of primar}- rupture. The patient remembers that the first abdominal 
crisis soon passed off and believes that the new attack will do likewise. 
Thus time is lost, and he does not seek medical help sufficiently soon. 
Although all of the symptoms of primary splenic hemorrhage (increased 
splenic dulness and progressive anemia, local tenderness, pain in the 
left shoulder, retraction of the testicle on the left side, vagus pulse, 
increasing pain when the patient lies on the back, and shock going on 
to collapse) may not be present, at least some of them are usually 
evident, and the patient is usually clear as to the determining injury. 
Kallius believes that in this last regard a historv- of evanescent shock 
associated with hyperesthesia of the left phrenic nerve is especially 
significant. It has been stated that in ordinary splenic rupture the 
average interval between admission and the time of operation is twelve 
hours. Those who continue to keep patients with ruptured spleens 
under observation for a protracted period fail to realize the seriousness 
of this surgical emergency, ^^■e believe that all patients with ruptured 
spleen for whom a diagnosis can be made during the latent period should 
have the benefit of immediate surgical treatment. Whenever a definite 
diagnosis cannot be made but the suspicion of a splenic rupture is 
entertained, it is best to keep the patient at rest in bed for at least 
two weeks to lessen the possibility of delayed bemorrhage. During this 
time enemas are forbidden. Food is not withbeld. Flood counts should 
be made several times daily, and progress roentgenograms of tbe abdo- 
men should be taken at intervals. 

In 62 cases in wbicb the result was mentioned. 53 patients recovered 
and 9 died, a gross mortality of 14.5 per cent. Fifty-seven ]iatieins bad 



208 


ARCHIVES OE SURGERY 


undergone splenectoiu)' ; 3 had tamponade and in 4 the, spleen was not 
lemoved. Six ])atients died after sjilcnectomy, a mortality of 10.5 per 
cent. 

Mclndoe reported an operative mortalit}- of 27 per cent. Seven 
patients died before anything could be done. Of 9 patients that were 
not operated on, 8 died. 

In untreated splenic rupture the mortality ranges from 77 to 100 
per cent. Berger reported a 93 per cent fatality rate in 220 cases of 
splenic rupture of all types in which no operation was done. The 
mortality rate reported by Watkins was 100 per cent, by Connors 100 
per cent and bj’ Lemerenz 77 per cent. Zschau (1939), in a report 
on a probable case, stated that the patient bled secondarily on the fifth 
day but recovered with conservative management. 

Regarding the tj'pe of operation, splenectom}' is the only procedure 
to be used. Tamponade is uncertain, and bleeding ma}' not be con- 
trolled. Splenorrhapln- carries a mortality of 5 to 20 per cent. Dretzka, 
reporting a preponderance of gunshot and stab wounds, was enthusiastic 
about repair and tamponade, and he had a mortality of 20 per cent among 
10 patients. Tamponade has only a single indication — the patient who 
is a very poor risk and for whom splenectom}’’ would be fatal. Sple- 
nectomy, however, offers the quickest means of stopping hemorrhage 
and with modern methods of prophjdaxis and treatment of shock with 
plasma and serum has extended indications. 

The technic of splenectom)’’ has been admirably covered recently 
by Cole, and a new technic has been described by Rives for splenectomy 
in the presence of difficult adhesions. Several special features, however, 
are worthy of mention. Bailey (1923) stated that the pedicle is found 
to be friable only in cases of delayed hemorrhage. His explanation of 
this point is that the pedicle after being surrounded by mildly irritating 
blood itself becomes edematous and undergoes degeneration. It is 
safer to employ individual ligatures applied by transfixion close to the 
spleen than a mass ligature, which is more likely to cut. Michels (1942) ^ 
pointed out the fact that the position of the splenic artery is as variable 
as that of the cystic artery. When preliminary ligation or clamping o 
the artery is done it is occasionally difficult to find the vessel, because 
its position ma)’ be prepancreatic, intrapancreatic, retropancreatic oi 
suprapancreatic. The main splenic artery divides into its two tennina 
branches from 1 to 7 cm. from the hilus, and in most instances theic 
are two hili. 

Complications. — Dehiscence of the abdominal wound has been seen 
frequently. Bailey reported that in 4 of 32 cases in which the paraine lan 
incision was used the wound burst open. Connors no.ted 3 cases ot 
severe suppuration of the abdominal wall following splenectom) 
rupture. The cause for what is called suppuration is undoti )tec , 
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digestion of the edges of tiie wound by pancreatic enzymes which 
result from injury to the pancreas. This may also be a factor in dis- 
ruption. Studies of vitamin C, plasma protein and diastatic activity 
were not done on any of the patients with disruption. Injury to the 
pancreas, of course, does not always cause digestion of the abdominal 
wall or separation of the edges of the wound. In 1 of the patients in 
the present series damage to the tail of the pancreas was not followed 
by any complication. In the present series the following complications 
occurred : 2 wound disruptions. 1 severe wound infection, 2 cases of 
intestinal obstruction, and 1 each of pleural effusion and pneumonia. 
There were also 2 cases of phlebitis and 1 of anuria from a transfusion 
reaction. 

Late Results . — The late results of splenectoni}' are chieflv anemia and 
leukocytosis which persist for months. L^^mphoid hypertrophy mar- 
occur (Pfeiffer and Smyth), and a persistent enlargement of the super- 
ficial glands may be noted. 

SU^tMARV AXD CONCLUSION’S 

.All of the available reports concerning delayed splenic rupture have - 
been collected. The total of 177 cases, while it represents o\-er two 
and one-half times as many instances of this syndrome as have been 
reported in any previous summary, still does not represent the true 
frequency of this condition. Traumatic rupture of the normal spleen 
is the most common serious subcutaneous abdominal injury. Delayed 
splenic rupture (the hciiwrragie eit deu.r temps of the French, or 
czwiceitige MiRruptur of the Germans) represents about 14 per cent 
(1 in 7) of all splenic ruptures. This syndrome is especially insidious 
and treacherous because of the almost symptom-free latent period, 
but the delay offers an opportunity’ for diagnosis and treatment. 

Delayed splenic rupture is most common in males in the third 
decade of life. Falls and traffic accidents are the most common 
etiologic agents. About 50 per cent of the secondary ruptures occur 
after an interval of less than seven days, while in an additional 25 per cent 
the latent period ends during the second week. Fractured ribs on the 
left side occur in about 10 per cent of the cases, while Kehr’s sign (pain 
in the left shoulder due to irritation of the phrenic nerve) is present 
in about 28 per cent or more of cases. Other diagnostic aids include 
those used in diagnosing any ty-pe of splenic rupture, such as sudden 
collapse or shock, rapid or increasing pulse rate, progressive anemia, 
yvhite cell count from 12,000 to 20,000. absence of temperature over 
99 F., pain, tenderness, dulness and rigidity in the left upper quadrant, 
and in some instances signs of free fluid in the peritoneal cavity. 

Without operation the mortality ranges from 77 to 100 per cent. 

•At the time of Alclndoe’s review (1932) tlie operatice mortality was 



210 


ARCllIVllS or SURGERY 


27 per cent, but flurinj,' the past <lec;ule it has hccii only 10 per cent. 
When splenic laceration is suspected the patient should he kept in heel 
under close observation. In more definite cases, or at the first sign 
of .secondary hemorrhage, splenectomy should he performed. Adequate 
treatment of shock with plasma or wludc blood forms a nccc.s.sary adjunct 
to the operative procedure. 

AnniCNOUM. — .Since this i)aj)er was written a review on the subject 
has been inihlished by W. M. liueermann. In this article 2 additional 
cases are rei)orted. In the first, that of a man aged 22 3 'ears, the 
rupture occurred thirty-eight days after he hit the left side of his chest 
and abdomen against a steering mechanism when his shij) was torpedoed. 
The second is the case of a seaman aged 17 j'ears, whose spleen ruptured 
four days after a fall on a dock. .Addition of Bueerniann’s 2 cases brings 
the total of reported instances of delax'cd splenic rupture to 179. 
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INORGANIC PHOSPHORUS CONTENT OF THE 
SERUM IN SHOCK 

GEORGE W. DUNCAN, 

DAI-TIMORE 


In a recent stud}’ of experimental crusli injuries great elevation of 
creatine in the blood and tlie urine was observed.’ This elevation was 
believed to arise chiefly from injury to skeletal muscle. Since at least 
a large part of the creatine in muscle exists in combination with phos- 
phoric acid, it seemed likel}" that inorganic phosphate would also be 
liberated. Accordingl}’’, the levels of serum inorganic phosphorus were 
determined for several animals subjected to these injuries and weie 
found to be strikingl}'^ high. A more detailed study, including shock 
produced by other methods, w'as then undertaken. 


EXPERIMENTAL METHOD 

Dogs were used in all e.xperiments. Anesthesia was produced by the sub 
cutaneous injection of 0.030 Gm. of morphine sulfate followed thiitj ininutes 
later by the intravenous injection of soluble pentobarbital U. S. P. (pentobar ita 
sodium) in doses of 0.02 Gm. per kilogram of body weight. Subsequent injec- 
tions of 0.006 Gm. per kilogram were occasionally necessary. Arterial pressures 
were determined by direct puncture of the femoral artery. Hematocrit rea mg 
were made with Wintrobe tubes. Serum inorganic phosphorus lerels weie ^ 
mined by the method of Fiske and Subarrow.- Immediately after withdraw a ^ 
blood samples from animals subjected to trauma by hammer blows or ciusi inj 
an equal amount of blood from another animal was injected in order to e-xc 
the effect of hemorrhage. Shock was produced by crush injury of an e.xtre 
by hammer blows to an extremity and by hemorrhage. 

The method and other details of the experiments on crush injurj ha 
reported elsewhere.^ For 12 of the animals subjected to these injuries, 
inorganic phosphorus levels were determined at the beginning of the exj e 
at one hour, two hours, three hours, four hours, four and a half hours, 'C 
five and a quarter hours, five and a half hours, six hours, se\ en to ei^, i 
and nine to eleven hours. In the e.xperiments in which shock was pro 


* William Stew’art Halsted Fellow in Surgery. 
From the Department of Surgery, Johns Hopkins 
cine, and Johns Hopkins Hospital. 

1. Duncan, G. W., and Blalock, A.: 
mental Shock by Crush Injury: Possible 
drome, Ann. Surg. 115:684, 1942. 

2. Fiske, C. H., and Subarrow, 'i - : 
Phosphorus, J. Biol. Chem. 66:375, 1925, 
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hammer blows, repeated blows as nearly uniform as possible were administered 
to the soft tissues of a hindlimb. care being taken to avoid the large vessels and 
nerves. Shock due to hemorrhage was produced by withdrawal of blood from 
the femoral vein in amounts equaling 0.5 per cent of body weight at thirty minute 
intervals until the arterial pressure fell to approximately 70 mm. of mercury. 




Changes observed in serum inorganic phosphorus, arterial pressure and hema- 
tocrit reading in shock produced by experimental crush injurj-, trauma by hammer 
blows and hemorrhage. The values expressed in percentages are computed from 
the averages of the experiments in each group. 

In some animals subsequent bleeding was ncccssar\ to maintain the pressure a; 
this level. In the case of hemorrhage and of trauma produced by hammer blow-, 
serum inorganic phosphoRis levels were determined hourly for the first six hotir-. 
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Subsequent observations were made at seven to eiglit hours and again at nine to 
eleven hours. In all three groups of c.xperiments the hematocrit reading and the 
arterial ])ressurc were observed at the .same intervals at which the scrum inor- 
ganic phospiiorus level was determined. 

Several control c.xperiments were performed in order to detenninc the effects 
of anesthesia on the level of scrum inorganic phosphorus. The animals were 
restrained on tables as in the other types of experiments and were given morpliine 
sulfate and soluble pentobarbital (pentobarbital .sodium) as already described. 

RESULTS 

Tlie results are summarized in tables 1, 2, ,3 and 4 and the chart. 

Control . — Tliere were 8 control experiments. Elevation above tlie 
control levels of serum inorganic phosphate was observed iii 6 of the 8 
experiments. The elevation was greater in 1 animal than in the 


Tabm: 1. — Senitn Inorganic Phosphorus (Milligrams per Hundred Cubic 
Centimeters) as Affected by Anesthesia and Restraining Animal 
on Table for Several Hours (Control Scries) 









■ - — 

7 to 9 

9 to 12 

non 

Control 

1 Hr. 

2 Ur. 

3 Ur. 

4 Ur. 

our. 

CUr. 

Hr. 

Hr. 

I 

. LO 

4.3 

4.7 

4.0 

4.2 

4,3 

4.6 

4.3 

4.3 

•) 

LO 

4.8 

4.1 

4.3 

4.4 

4.0 

4.0 

4.0 

4.0 

a 

i.2 

8.3 

9.1 

9.9. 

7.1 

7.1 

0.9 

0.5 

3.1 

•1 

7.3 

8.3 

8.3 

7.7 

7.1 

7.0 

0.8 

6.8 

c.s 

fl 

7.4 

8.3 

7.0 

7.3 

7.0 

7.1 

7.7 

7.1 

8.1 

0 

7.9 

7.2 

6.8 

6.2 

4.4 

5,0 

4.4 

6.9 

6.2 

7 

3.0 

2.7 

3.0 
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0.1 
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remainder of the group. The average of the group showed a slight 
increase during the first three hours, after which there was a decline 
to approximately the initial level at nine to twelve hours. 

Crush Injury . — There were 12 experiments in which ciush injmy 
was used. During the five hour period in which the press was on the 
thigh no significant change in arterial pressure was noted. No sigm i 
cant hemoconcentration occurred, the average for the entire group being 
only 1.2 per cent above the control values at the end of five hours. 
During the same period an increase in the level of serum inorganic 
phosphorus occurred, and although the increase was slight in some 
animals, the average rise was greater and more sustained than t la 
observed in the group of animals subjected to anesthesia alone. ^ 

On removal of the mechanical press at the end of five hours, rapi^^ 
changes in all the criteria under observation became evident. \ it 
fifteen minutes after removal of the press the hematocrit reading s lov 
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a distinct increase ;ind arterial jjrc.ssurc liad ))cgnn to decline. The 
Iieni.-itocrit readinj^ at nine to eleven hours averaged 69A, while tlic con- 
trol average was d9,d. Arterial pressure had declined from the control 
value of 127.1 nun. of inercury to 88.2 mm. Serum inorganic phos- 
phorus showed a sharper more progressive rise from its five hour level, 
averaging 12.0 mg. per humlred enhic centimeters at nine to eleven 
hours. 'J'his represented a ri.se of 179 per cent over the average control 
value of -I..3 mg. jjer hundred cubic centimeters. Si.v of these animals 
were treated by application of pressure to the injured e.xtrcmity with a 
pneumatic cuff,’ hut distinct alterations in the criteria under ob-servation 
occurred in spite of this form of therapy. Eight of the 12 animals died 
in an average time of eleven and three-tenths hours following removal of 
the mechanical press. 

Jlciiiorriiaf/c. — 'I'here were 8 experiments in which hemorrhage was 
employed. 'J'he 'average duration of life was eight and seven-tenths 
hours. A decline in arterial pressure was observed in an average of four 
hours after bleeding was begun. The changes in hematocrit readings 
were not great; a slight average rise was noted four to five hours after 
bleeding was begun. This rise was followed by a decline in those animals 
which survived for longer periods. Distinct changes in serum inorganic 
phosphorus were observed, but in these experiments the early rise m 
inorganic phosphate was less pronounced than it was in the experimental 
crush injuries or with trauma produced by hammer blows. Elevation 
of inorganic phosphate was observed before the arterial pressure fell m a 
experiments, at the time of fall in arterial pressure in 1 experiment and 
following the fall in arterial pressure in 2 experiments. The average 
early values of this group more nearly conform to the early average 
values of the control series than do those of either of the othei gioups. 
Blood drawn at the time of death from the hearts of 3 of these anima s 
and from the femoral vein of another showed an average of 22.5 mg. pci 
hundred cubic centimeters. 

Trauma by Hammer Blows . — There were 5 experiments in which 
trauma by hammer blows was used. Four of the 5 animals died in ai 
average time of seven and nine-tenths hours following trauma, 
sive hemoconcentration occurred in the animals in these expeiiments 
was not so great as in the animals subjected to crush iiijuiy. Aitci 
pressure declined in all experiments. Distinct elevation of scr 
inorganic phosphorus was observed. Two of the animals weie 
refractory to trauma than the others of the group; additional 
1 of these at the end of six hours resulted in profound shock aiic ^ 

It is to be noted that the inorganic phosphorus levels in these nni 


Scniw fiion/iwic Pli()sl>lioni.t (jilil/ii/rams fcr Hiiiulrcd Cubic Cciiliwrirrs) Polloivim/ Ifcmorrhunc 
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were not so much increased as in the animals in which shock was more 
profound. In the animal receiving additional trauma at the end of six 
hours the hyperphosphatemia increased as shock became more profound. 

COMMENT 

The breakdown of phosphocreatine following mechanical injury to 
skeletal muscle by hammer blows and b}' the mechanical press is probably 
responsible in part for the hyperphosphatemia obseiwed in these experi- 
ments. Elevations of plasma creatine following muscle injury are also 
evidence that hydrolysis of phosphocreatine has occurred.® In the case 
of experimental crush injuries and possibly to a slight degree in the 
case of trauma by hammer blows, ischemia of the extremity is an addi- 
tional factor producing breakdown of phosphocreatine. During the five 
hour period in which the mechanical press is on the thigh at least the 
major part of tire blood supplj' to the extremity is interrupted. This 
ischemia and the resulting anoxia of the extremity may also cause 
breakdown of other organic phosphates in the tissues of the extremity 
with liberation of inorganic phosphate. The elevation of inorganic phos- 
phorus was not so progressive in 2 of the animals subjected to trauma 
by hammer blows, although they received presumably the same amount 
of trauma. As shock developed after additional trauma to 1 of these 
animals, greater elevation of serum inorganic phosphorus was noted. 
This progressive increase in inorganic phosphorus as shock became more 
profound and the fact that marked hyperphosphatemia occurred follow- 
ing hemorrhage suggest that factors other than injur}' to muscle are 
contributory. The generalized anoxia and otlier deleterious effects of 
shock may be responsible for damage to tissue with breakdown of organic 
phosphates and liberation of inorganic phosphate. 

Diminution in renal function may be partly responsible for elevation 
of serum inorganic phosphorus, since elevations have been shown to 
accompany nephritis ■* and cessation of renal function by ligation of the 
ureters.® Oliguria and elevation of blood nonprotein nitrogen have been 
demonstrated in cases of experimental crush injuries ^ and other types 
of trauma.®” Banaytis® reported In-perphosphatemia following trauma 
and emphasized its relation to disturbance of carbohydrate metabolism. 

3. (a) .-^ub, J. C., and ^Vu. H. ; Studies in Experimental Traumatic Shock. 
.■\m. J. Physiol. 54:416, 1920. (6) Duncan and Blalock.^ 

4. Peters. J. P., and Van Slykc. D. D. : Quantitative Clinical Chemistry. 
Baltimore, Williams & Wilkins Company, 1931, vol. 1, p. 1130. 

3. Atchley, D. \\., and Benedict, E. yi.; The Distribution ot Electrolytes in 
Dogs Following Ligation of Both Ureters, J. Biol. Chem. 73:1, 1927. 

6. Banaytis, S. I.: Phosphorus Content of the Blood in Traumatic Shock 
.and in Trauma to the Central Xers'ous System, Vestnik khir. 56:43. 1938. 
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Owing to the inverse relation which exists between the blood levels 
of pliospliate and calcium ions, such elevations of phosphate will result 
in the withdrawal of calcium from the blood and may therefore be a 
lactor in the production of increased permeability of the capillaries, 
which is believed hy most investigators to occur in shock. Chambers 
and Zweifach ' have shown that perfusion with calcium-free solutions 
in'oduccs an excessive leakiness of the walls of the capillaries. In view 
of these elevations of inorganic phosphate, determinations of ionized 
calcium are indicated in experiments of this t 3 ^pe because of possible 
relations to capillaiy permeabilit}' and neural and muscular function in 
shock. Excessive inorganic phosphate ma}'^ be one of the contributing 
so-called toxic factors in the irreversible shock which has been shown 
to result -when extremities are subjected to trauma and prolonged 
ischemia.® Inorganic phosphate may also contribute to the renal lesions 
seen in clinical cases of crush syndrome, since ischemia and muscular 
injury of one or more extremities were present in all reported cases. 

It is of interest to note that the serum inorganic phosphate levels 
showed some elevation in the control group of animals, subjected to 
anesthesia alone, and that the elevation was greater in some animals 
than in others. This elevation may have been related to depth of 
anesthesia, nutritional state and age as well as to other factors. The 
initial inorganic phosphate levels in all the groups appear to range 
rather widely. Single specimens drawn .from 12 dogs under similar 
conditions had concentrations ranging from 3.3 to 7.9 mg. per hundred 
cubic centimeters, averaging 5.2 mg. 

Whether or not serum inorganic phosphorus levels can be used as 
an index of clinical shock, either as an early sign or as a prognostic sign, 
will require further investigation. In the limited number of cases thus 
far observed the results have not been so marked as in these experiments. 
The greatest elevation has been noted in cases of severe musculai mjui}- 

SUMMARY 

The effects of shock produced by experimental crush iiy'ur}, by 
hammer blows and by hemorrhage on the level of serum inorganic 
phosphorus have been studied. 

7. Chambers, R., and Zweifach, B. W. : The Structural Basis of 
bility and Other Functions of Blood Capillaries, J. Cell. & Comp. Ph>sio. 

255, 1940. Ii'ur’- 

8. Duncan, G. W., and Blalock, A.; Shock Produced 

Effects of .A-dministration of Plasma and Local Application of Co , rc ' 

45:183 (Aug.) 1942; The Effects of Application of a Tourniquet on the ^ 
Response to Gross Trauma to an Extremity, Surgery, to be publis icf . 
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Serum inorganic phosphorus is elevated in shock produced b\' each 
of these methods. The time relation between this elevation of inorganic 
phosphate and changes in the hematocrit reading and the arterial 
pressure are recorded in the tables and the graphs. Hyperphosphatemia 
occurred early in most of the experiments in which shock was produced 
by experimental crush injury and by hammer blows. This early eleva- 
tion was not as marked or as consistent in the experiments in which 
shock was produced by hemorrhage. 

The possible origin of this h}-perphosphatemia and its relations to 
some of the physiologic aspects of shock are discussed. 


Johns Hopkins Hospital. 



CLOT RESISTANCE IN MICE AND THE 
MECHANISM OF HEMOSTASIS 


JOSEPH J. LAUGH, :M.D. • 

KANSAS CITY, KAN. 

AND 

ALFRED L. COPLEY, M.D. 

NEW YORK 

During previous studies we found that movement of the tail had a 
slight effect or none in prolonging the duration of bleeding from a 
wound in the tail in normal mice. In heparinized mice, however, such 
movements initiated bleeding which persisted several minutes.^ We also 
observed that some of the mice treated with heparin or dicoumann 
(3,3'-meth3dene-bis-[4-h3"drox3'coumarin] ) - which had normal bleeding 
times continued to bleed spontaneous^ from the same wound after 
completion of the test. In an attempt to elucidate the lack of correlation 
between the bleeding time and this tendenc 3 ^ to spontaneous bleeding 
from the same prick wound, further experiments were done. Mac- 
farlane ® has drawn attention to the fact that there is no satisfactor 3 '’ 
method to test the toughness of blood clots. We proposed to estimate 
clot resistance,'* that is, the firmness of a clot and its adhesiveness, m 
a wound in the tail of a mouse by applying cuff pressure after bleeding 
had stopped. A cuff pressure of 75 mm. of mercury was applied proxi- 
mal to the wound after the bleeding time test to ascertain if conges 
tion of the tail would renew bleeding. Since heparin and dicoumarin 
(3,3'-meth3dene-bis-[4-hydroxycoumarin] ) have anticoagulant action 
and sometimes prolong the bleeding time, these agents were used to 
stud 3 ^ clot resistance. Our observations cast new light on the contro 
of hemorrhage and therefore necessitate a discussion of the mechanism 
of hemostasis. 

From the Hixon Laboratory for Medical Research, University of KansR 
School of Medicine, Kansas City. 

1. Copley, A. L., and Lalich, J. J.: The Experimental f 

Hemophilia-Like Condition in Heparinized Mice, Am. J. Physiol. 135:5 ( 

1942. 

2. Lalich, J. J.; Lalich, M. H., and Copley, A. L.: Bleeding Time m M'^v 

Following the Oral Administration of 3,3'-Methylene-bis (4-Hydro.xj counian 
Surgery, to be published. _ , 

3. MacFarlane, R. G. : Critical Review : Mechanism of Haemostasis, Quar . 

Med. 10:1 (Jan.) 1941. _ . , 

4. Copley, A. L., and Lalich, J. J.: Bleeding Time, Lymph Time and 
Resistance in Men, J. Clin. Investigation 21:145 (March) 1942. 
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METHODS 

The mouse was enclosed in a brass cylinder which was suspended at an angle 
of approximately 40 degrees, so that the tail was immersed in a bath of physiologic 
solution of sodium chloride of constant temperature (37.5 C), as previously 
described.! .-Vfter the wound had been inflicted the duration of bleeding could easily 
be observed and timed as the blood emerged from the wound and escaped into the 
saline bath. At intervals varying from 0 to 466 minutes following the bleeding- 
time tests tlie mice had cuff pressures of 75 mni. of mercury exerted at the base of 
the tail for one minute. This cuff pressure was arbitrarily chosen in order to 
standardize the test. When the cuff pressure was applied, the wound was observed 
for a renewal of bleeding. To exert cuff pressure on the mouse’s tail, a brass cuff 
was constructed (figure). The cuff was 3.8 cm. long, with a central hole S mm. 
in diameter which was lined with surgical drain tubing. The cuff was connected 
to a mercury manometer with a rubber tube. The proximal part of the cuff fitted 
into the cylinder which held the mouse. A piece of lucite was fitted on the distal 
part of the cuff and kept the mouse’s tail suspended. 

.■\dult male and female mice fed Friskies dog food (.Albers Milling Company. 
Seattle)!'* and crushed oats were used. 


CormcctinQ iabt 



Three types of wounds were made on the tails of normal mice, to establish 
if tlie size of the wound would affect the bleeding time or the clot resistance. In 
55 mice, 1 to 2 mm. of the tip of the tail was amputated with sharp scissors. 
In 98 mice, cutaneous incisions measuring 3 to 6 mm. in length and varying in 
depth were made on the lateral, distal portion of the tail with a razor blade. In 
109 mice venous and arterial prick wounds were made in the middle portion of 
the tail with a pointed stylet measuring 0.5 by 1.5 mm. These 109 normal mice 
showed uniform results in bleeding time; hence this group served as control fo- 
subscquent experiments. 

4a. Friskies Dog Food, according to the manufacturer, contains meat and bone 
scraps, ground wheat, soybean oil meal, ground corn, ground hulled barley, oat 
meal, dried skimmed milk, wheat bran, wheat germ meal 3 per cent, liver meal 

3 per cent, dried beet pulp and molasses 3 per cent, fish meal 3 per cent, steamed 
bone meal 2 per cent, dextrin 3 per cent, charcoal 0.25 per cent, sardine oil (100 
.\. O. .A. C. chick units of vitamin D per gram; 3,000 U. S. P. units of vitamin .A 
per gram) 0.15 per cent, salt 025 per cent, iron oxide 0.125 per cent and irradiated 
brewers’ t> pe yeast 0.05 per cent. The guaranteed chemical analysis is as follows ; 
protein (minimum) 22 per cent, fat (minimum) 3.5 per cent, fiber (maximum) 

4 i>er cent, nitrogen-free extract (minimum) 45 per cent, ash (maximum) 10 per 

cent and moisture (maximum) 10 per cent. ' 
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One part of clicouinariii (3,3'-nicth3’lcnc-!)is-[4-Iiydroxycoumarinj)'’ was dis- 
solved ill 1,000 parts of a 0.1 per cent solution of sodium carbonate and administered 
orally with a blunt 18 gage needle. The mice received daily doses of 30 to 60 rag. 
per kilogram of bod}' weight for three daj's, and the tests were done on the fourth 
day. Heparin (Connaught Laboratories, University of Toronto, 110 Murray-Best 
units per milligram) was injected subcutaneously from 239 to 403 minutes before 
the tests were done. The mice received SO, 100, 200 and 400 units per 20 Gm. of 
body weight. Clot resistance was measured bj’ application of a cuff pressure of 75 
mm. of mercurv or by observation of spontaneous bleeding. Spontaneous bleeding 
was manifest either when the animal was left undisturbed in the cage or as the 
mouse was placed in the brass cylinder for the clot resistance test. All mice 


Table 1. — Duration of Bleeding from Different Parts of the Tail and the Effect 
of Cuff Pressure on the Clot Resistance in Normal Mice 


Amputation of Tail Cutaneous Incision 3 to 6 Mm. in Length 

A ^ A ^ — 
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were examined for spontaneous bleeding two or three times per hour during t ie 
first four hours following the bleeding time test. The term “bleeding time is 
restricted to the value shown by the initial bleeding time test and does not inc uf 
recurrent bleeding due to decreased clot resistance. 


RESULTS 

Table 1 shows the effect of amputation wounds and ciitaiieoiis 
incision wounds on the duration of blood flow and the renewal of bleec 
ing after application of cuff pressure. Twent}'- mice out of each group 
are presented in the table. 

5. Supplied by Dr. J. F. Biehn, Abbott Laboratories, North Chicago. 111. 
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Bleeding times from amputation wounds varied from 7 to 704 sec- 
onds in 11 mice. A cuff pressure of 75 mm. of mercury' for 1 minute 
provoked bleeding in 22 of the 55 mice studied. Nine mice had the cuff 
pressure applied after 11 to 54 minutes with a renewal of blood flow. In 
7 mice pressure initiated bleeding after 0 to 24 minutes but failed on the 
second trial 18 to 44 minutes later. After being handled 8 to 27 minutes 
following amputation 4 mice bled spontaneously, but the)' did not show 
renewal of blood flow when cuff pressure was applied 23 to 84 minutes 
after the first handling. One mouse did not bleed when pressure was 
applied immediately, but bled spontaneously in the cage 28 minutes later. 
One mouse was tested twice, immediate!}’’ and 28 minutes later, with a 
renewal of bleeding on both occasions. It is not possible to amputate the 
tip of the tail without cutting veins or the arter}^ in some mice. Some 
amputation wounds had a diameter up to three times tliat of others, 
because of anatomic variations in the tip of the tail. The blood oozed from 
the wound when only the capillaries were cut. When larger vessels were 
severed the blood loss was greater and the duration of bleeding was 
longer. 

Bleeding time from cutaneous incision wounds in 28 mice varied 
from 21 to 669 seconds. In 85 mice cuff pressure was applied once. 
Twenty-four mice out of this group showed renewed bleeding after 32 to 
466 minutes, while 61 mice failed to exhibit bleeding during a similar 
time. Repeated clot resistance tests were done on 4 other mice. Two of 
them bled spontaneously after handling at 52 and 68 minutes. Cuff 
pressure initiated bleeding on three occasions in 1 mouse at 45, 120 and 
375 minutes. The fourth mouse bled when pressure was applied at 
152 and 413 minutes. The larger wounds showed an increased tendencv 
to renewed bleeding on application of cuff pressure. 

In the third group of mice a vein of the tail was cut across its long 
axis, about 5 cm. from the base of the tail. The bleeding times of 
109 mice agreed with previous venous bleeding times.® Not a single 
mouse in this group bled spontaneously in the cage or after handling. 
However, after application of cuff pressure after 18 to 34 minutes 
renewed bleeding occurred only in 6 mice, which were excluded from 
furtlier studies. The remaining 103 mice were treated either with 
dicoumarin or with heparin and studied subsequently. 

EXPERIMENTS WITH DICOUMARIN 

Three series of 10 mice received dicoumarin (3,3'-inethvlene-bis- 
[4-bydroxycoumarin] I in doses of 30. 50, and 60 mg. per kilogram of 
body weight. To one series of 30 mice 40 mg. per kilogram was admin- 
istered. During the period of treatment 5 of the mice receiving 60 msr. 


6. Footnotes 1 ."iihI 1. 
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per kilogram died ; whereas only 1 mouse among those receiving 40 and 
50 mg. per kilogram died. Results on 12 mice with decreased clot resis- 
tance are compiled in table 2. 


Table 2. — Bleeding Time and Clot Resistance in Mice Before and After Oral 
Administration of Dicoitmarin (3S'-Methylcne-bis'[4-Hydroxycouinarin]) 

for Three Days 
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Three of the 10 mice treated with 30 mg. per kilogram exhibite ee ^ 
ing during handling. One mouse had a normal bleeding time an 
taneous bleeding after 37 minutes; however, pressure after 1 
did not provoke a blood flow. The second mouse also 
bleeding time with spontaneous bleeding at 19. 77, 115, 1 
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minutes. The third mouse had a bleeding time longer than 15 minutes, 
and spontaneous bleeding occurred at 19, 78, 128, 171 and 244 minutes. 
A fourth mouse in this group had a bleeding time longer than 15 
minutes and died before the clot resistance test could be done. The 
I'emaining 6 mice had normal bleeding times, and cuff pressure did not 
initiate bleeding. 

Nine of the 30 mice treated with 40 mg. per kilogram had a decreased 
clot resistance, and 29 mice had normal bleeding times. One mouse had 
a bleeding time longer than 15 minutes and showed spontaneous bleed- 
ing during handling at 29 minutes. In 3 of the 9 mice cuff pressure 
renewed bleeding two and three times within 139 minutes. A fifth 
mouse had a normal clot resistance after 22 minutes but began to bleed 
spontaneous!}- in the cage after 134 minutes and after 182 minutes during 
handling. Cuff pressure provoked bleeding in the remaining 4 mice 
after 19 to 32 minutes but failed to do so after 48 to 250 minutes. 

Four of the 9 mice treated with 50 mg. per kilogram had a decreased 
clot resistance. This was observed mostly during handling of the mice. 
One mouse with a bleeding time longer than 15 minutes had spontaneous 
bleeding after 13 minutes during handling, but pressure failed to induce 
bleeding after 72 minutes. The second mouse had a normal bleeding 
time and showed spontaneous bleeding in the cage at 11, and during 
handling at 75 and 114 minutes. Two other mice with normal bleeding 
times bled spontaneous!)'- at 17, 31 and 29 minutes during handling but 
failed to bleed when pressure was applied after 119 and 98 minutes 
respective!)'. A fifth mouse had a bleeding time of nine minutes and 
died during the test. The 4 remaining mice had normal values. 

Three of the 5 mice treated with 60 mg. per kilogram had a decreased 
clot resistance during handling. One mouse with a normal bleeding time 
bled spontaneously for 20 minutes in the cage and at 28 minutes during 
handling, but after 103 minutes pressure did not provoke bleeding, 
A second mouse had a normal bleeding time, bled spontaneously during 
handling at 24 minutes, required pressure to initiate bleeding at 63 min- 
utes. bled in the cage after 3 hours and subsequently died of hemorrhage. 
The third mouse had a normal bleeding time, and pressure initiated 
bleeding at 20 minutes. The fourth mouse had a bleeding time longer 
than 15 minutes and died. The fifth mouse had a normal bleeding 
time and a normal clot resistance. 

E.XPERIMENTS WITH HEPARIX 

Hcparin was injected into four groups of 43 mice. Four mice 
received 400 units ; 4 were given 100 units, and 3 had 50 units. Thirt\-- 
two mice received 200 units; the results on 15 of these mice are listed 
in table 3. 
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Seven mice which received 50 and 100 units of heparin exhibited 
normal bleeding time and clot resistance. Three of the 36 mice which 
were treated with 200 and 400 units died before studies were done. 


Table 3. — Comparison Between Bleeding Time and Clot Resistance in Mice 
Before and After Subcutaneous Injection of Two Hundred 
Units of Heparin per Tzventy Grams of Weight 
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Twent 3 '-six of the remaining 33 mice Iiad a decreased clot rcsistaiic ^ 
Of these 26 mice, 4 had bleeding times longer than 15 minutes. » ^ 
fifth the bleeding time was 13 minutes, and in a sixth, 6 minutes. ^ 
resistance in 14 mice was normal when pressure was applied a ter 
33 minutes, but bleeding was renewed when pressure was app ic( 
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second time after 29 to 199 minutes. In 7 other mice, which did not 
bleed when pressure was applied the first time after 11 to 48 minutes, 
spontaneous bleeding developed during handling or in the cage during 
the second hour. Five more mice initially showed spontaneous bleeding 
during handling after 16 to 34 minutes and continued to bleed in the 
cage. After hemostasis occurred, subsequent bleeding in 3 of these 
mice was initiated b}' pressure after 124 to 126 minutes. The fourth 
mouse continued to bleed onh- during handling, while the fifth continued 
to bleed in the cage. 

On macroscopic examination it was possible to obser\-e that the 
punctured vein was either narrowed in diameter or apparently empty of 
blood in the region of the cut. When cuff pressure was applied the first 
time, the tail became congested without apparent widening in diameter 
of the injured part of the vein. Subsequently, after 30 to 120 minutes, 
this area dilated either without pressure or after cuff pressure was 
applied. 

COMMENT 

Whether or not a tendenc}- to bleeding exists in an organism might 
be indicated by a prolonged bleeding time whenever it occurs. How- 
ever, the bleeding time test is not sufficiently sensitive in most cases to 
indicate that a tendency to bleeding is present." We believe that studies 
of clot resistance should be done in conjunction with the bleeding time 
test the better to demonstrate a tendency to bleeding. We have shown 
that probably the firmness of the clot and its property- of adhesion to the 
traumatized vessels are important in maintaining hemostasis.* In this 
study we were concerned witli the size of the wound and the role played 
by time in the formation of the clot in their relationship to clot 
resistance. 

The Wound Thrombus . — ^^Ve have already^ expressed the belief that 
both the agglutination of platelets and the conversion of fibrinogen to 
fibrin are responsible for the properties of the clot which seals the 
wounded vessels.* We also believe that the clot which forms in a wound 
is similar to or identical with a thrombus ; therefore we designate such a 
clot as a “wound thrombus.” It is still a matter of controversy whether 
thrombi in general can develop without injury to the endothelium®; 
however, in our studies of bleeding such injury is obvious. The original 
investigations on experimental thrombosis followng traumatization of 

7. Copley, A. L.. and Lalich, J. J. : The Influence of Blood Transfusion and 
Injectons of Bursa Pastoris (Shepherd’s Purse) Extract on the Clot Resistance 
in Two Hemophiliacs, .\m. J. M. Sc. 204:663 (Nov.) 1942. 

S. Silbcrberg-, 1^1.: The Causes and Meclianism of Thrombosis, Phvsiol. Rev. 
18:197 (April) 193S. 
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vessels by Eberth and Schiminelbusch ” were confirmed by Welch and 
further developed by Aschoff.^^ Eberth and Schimmelbusch observed 
that agglutination of platelets occurred first at the site of injury and 
that this was follo^ved by coagulation of blood. Aschoff showed that 
retardation and not stagnation of circulating blood brings about forma- 
tion of white thrombi. He suggested that the agglutination of platelets 
creates a condition which fosters formation of fibrin. The formation of 
a thrombus explains the results of our numerous observations on human 
beings and on mice with cutaneous wounds bleeding into physiologic 
solution of sodium chloride. The volume output of blood from a wound 
during bleeding gradually diminishes until hemostasis occurs.^- This 
phenomenon is in sharp contrast to coagulation of whole mammalian 
blood in test tubes, where the clot does not form for a variable interval 
of time and then the blood coagulates rather suddenly. Therefore, forma- 
tion of a clot during and after bleeding, we believe, is similar to the 
formation of a thrombus, which according to Aschoff initially is a white 
thrombus and with further growth becomes a mixed thrombus. We 
have differentiated between the firmness of the clot and its adhesive- 
ness to the wound in the vessel.^ We believe that the adhesiveness is 
associated with the agglutination of platelets. Eberth and Schimmel- 
busch suggested that the platelets undergo a viscous metamorphosis and 
adhere not only to each other but to the vessel wall. At present we 
cannot offer an explanation for the causes of firmness of a clot. How- 
ever, we feel that it is mainly dependent upon the formation of the 
fibrin network and its properties and subsequent changes.*^ 

The Wound . — We have previously suggested that variations in 
bleeding time may be due to differences in the size of the wound. 
Although we were unable to control the size or the number of vessels 
cut, we endeavored to study this variable by inflicting different types 
of wounds, such as prick, incision and amputation wounds. There 
was a tendency to prolonged bleeding in amputation wounds an m 
incision wounds longer than 3 mm. Further, we were able to di er^ 
entiate the type of vessels injured by observing the flow of bloo . 
The cutting of capillaries alone was indicated by the oozing of b oo 
The puncture of a vein or venule Avas manifested by the dark co or 

9. Eberth, J. C, and Schimmelbusch, C, ; Die Thrombose nach Vcrsuchen t 
Leichenbefunden, Stuttgart, Ferdinand Enke, 1888; cited by Welch.*® 

10. Welch, W. H.: Thrombosis, in Allbutt, T. C, and Rollcston, il. 

System of Medicine, London, Macmillan & Co., 1909, vol. 6, p. 691. 

11. Aschoff, L. ; Lectures on Pathology, New York, Paul B. HocJcr, 
p. 253. 

12. Copley and Lalich (footnotes 1 and 4). . wier 

13. Lalich, J. J.. and Copley, A. L. : A Study of Clot Firmness in \ iscon 

Tubes, Proc. Soc. Exper. Biol. & ^fed., to be published. 
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and the larger volume output of blood. A severed artery or arteriole, 
on the other hand, exhibited a pulsating flow of light red blood. In the 
mechanism of hemostasis all t 3 -pes of vessels usually are involved and 
should be considered. Cutaneous elasticity may affect hemostasis in 
different ways. It is apparent that in incision wounds smaller than 
3 mm. in length or in puncture wounds, the inherent elastic properly 
of the skin can close the margins of the wound and thus exert a resis- 
tance to bleeding. In larger wounds the elasticity of the skin can pro- 
duce the opposite effect, a gaping of the margins so that they offer no 
resistance to bleeding. In amputation wounds of the mouse’s tail the 
factor of cutaneous elasticity apparently does not enter into considera- 
tion. In addition to the physical factors of the skin we have postulated 
a humoral skin factor ^ which promotes the formation of a wound 
thrombus. 

The Influence of Cuff Pressure on the Wound Thrombus . — ^After 
injury, formation of a thrombus® and narrowing of the lumen of the 
vessel ® bring about hemostasis. Narrowing of the capillarj’^ lumen has 
been repeatedl}' obsen^ed to be due to endothelial swelling.^’* After 
hemostasis is established the wound thrombus may continue to deposit 
fibrin and corpuscular elements. The time factor, therefore, becomes 
important in the subsequent maintenance of hemostasis, since a wound 
thrombus, like an ordinar}’’ thrombus,^® requires time to develop fulty. 
With widening of the lumen the force of circulation is exerted against 
the wound thrombus. If the wound thrombus seals a capillar}^ or a 
vein this force is negligible, but when an arterj- is severed the systolic 
pressure exerts a considerable force on the thrombus. Under normal 
conditions the thrombus becomes sufficiently resistant in one to two hours 
to withstand the pressure in small arteries. By applying cuff pressure, 
therefore, one simulates conditions in veins and capillaries which exist 
normally when wound thrombi are formed in arteries. Lewis demon- 
strated that pressures up to 70 mm. of mercur}' are reached in the veins 
of human subjects within 40 seconds after cuff pressure of 70 mm. of 
mercurj" is applied to the arm. Theoretically, then, the pressure attained 
in the veins and capillaries will be similar to the cuff pressure when 
the cuff pressure does not exceed the s}'Stolic pressure minus the pres- 
sure required to maintain a flow of blood. The pressure sufficient to 
maintain blood flow maj'- varj' and was found to be approximately 

14. Sanders, N. G. ; Ebert, R. H., and Florey, H, \V. : Mechanism of Capillary 
Contraction, Quart. J. Exper. Physiol. 30:281 (Sept.) 1940. 

15. Welch.'® Aschoff." 

16. Lewis, T. : The Blood Vessels of the Human Skin and Their Responses. 
London, Shaw & Sons, 1927. 

17. Copley, A. L. ; Krchma, L. C., and Whitney, M. E. : Humoral Rheology: 
1. Viscosity Studies and .-Vnomalous Flow Properties of Human Blood Systems 
with Heparin and Other .-\nticoagulants, J. Gen. Physiol. 26:49 (Sept.) 1942. 
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20 mm. of mercury in dogs.^® In case a higher cuff pressure is applied, a 
greater force is exerted on the wound thrombus. In this respect the clot 
resistance test is dependent on the systolic pressure. Mice have limited 
blood volume, and therefore loss of blood rapidly affects their systolic 
pressure. This was apparent in several of the mice which either stopped 
bleeding when the pressure was increased from 75 to 100 mm. of mercury 
or started to bleed when cuff pressure was reduced from 100 to 75 niiii. 
of mercuiy. We found that when cuff pressure was applied during 
the first hour the likelihood of provoking bleeding in normal mice was 
greater than when the cuff pi'essure was applied during the next hour. 
There were a few mice, however, in which the time interval did not help 
to increase the resistance of the wound thrombus. 

Normal Mice . — Our results show that amputation or incision wounds 
were of such dimensions that hemostasis was maintained with difficulty 
in some of the normal mice. In many of the mice the time of bleeding 
from these wounds was prolonged. Spontaneous bleeding occurred 
either while the mice were I'esting in their cages or as they were being 
placed in the brass cylinder. Another group began to bleed when cuff 
pressure was applied, indicating that in normal mice, when the wound 
exceeded a certain size, a wound thrombus, even during the first hour 
of its formation, was incapable of withstanding the added stress of 
cuff pressure. These findings show that even though larger wounds 
exhibited an increased tendency to renewed bleeding, a few of the mice 
with small wounds also bled repeatedly on application of pressure. 
Likewise, in spite of the time interval between the cessation of bleeding 
and the application of cuff pressure, which favored a normal clot resis- 
tance, some mice bled when the pressure was applied after 5 hours. 
These apparently contradictory results suggest that other factors besides 
the size and shape of the wound or the time elapsing between the tests, 
function in maintaining hemostasis. When puncture wounds were pio- 
duced in veins or arteries the observed physical features of the wound 
were sufficiently uniform so that hemostasis was maintained. In puncture 
wounds the bleeding time was as previously reported,^ and spontaneous 
bleeding never occurred in the 109 mice studied. Even though heinos 
tasis was maintained under normal conditions, it was observed that t ic 
added strain of a cuff pressure of 75 mm. of mercury during tlie first 
30 minutes following bleeding dislodged the wound thrombus and cause 
a renewal of bleeding in 6 of the 109 mice. These studies emphasize 
that experiments must be controlled before certain substances can )C 
tested for their effect on hemostasis. 

Mice Treated zvith Dicoumarin . — Treatment with dicoumarin (3,.^ 
mcthylene-bis- [4-hydroxycoumarin] ) prolonged the bleeding time m 

18. Dow, P.. .and H.imilton, W. R: An.alysis of Emptying of Scynicnts of 
■Arterial Reservoir, .Am. J. Physiol. 127:785 (Nov.) 1939. 



LALICH-COPLEY—CLOT RESISTANCE IK MICE 


235 


some mice. Thus earlier observations were verified.- The clot resis- 
tance was found to be decreased in approximately 30 per cent of the 
mice. Spontaneous bleeding, which was never observed in the control 
series, occurred in many of the treated mice, either during handling or 
while the mice were in the cage. The mice bled when the cuff pressure 
was applied initially within 40 minutes and again during the first 2 hours 
following the renewed bleeding. Subsequent cuff pressure usually failed 
to renew bleeding. The obsen-ed increase in clot resistance after the 
second hour indicates that the time interval favors an increase in the 
firmness of the clot. This hypothesis was substantiated by an explora- 
tory study after administration of dicoumarin to a patient with recur- 
rent thrombophlebitis whose clot firmness, as determined by a test 
previousl}' described,^^ was initially decreased. With time, however, it 
gradually increased above the firmness obsen-ed in clots from normal 
persons. From the normal result of a clot resistance test made 5 minutes 
after bleeding time in this patient had been found to be normal, it ma}- be 
inferred that the adhesiveness of the wound thrombus was not impaired, 
although initially tliere was a pronounced decrease in the firmness of the 
clot. Nevertheless, the hemorrhagic condition induced by dicoumarin 
may not be solely based on prolonged coagulation and prothrombin 
times, or on a decreased firmness of tlie clot, since Bingham, j\Ieyer and 
Pohle found marked capillar}- dilatation in their dogs treated with 
dicoumarin. This phenomenon of widening of the vessel may further- 
more contribute to the initially decreased clot resistance in the mice 
treated with this compound. 

Mice Treated zaith Heparin . — ^Unlike the mice treated witli dicou- 
marin, the majority of the mice given heparin did not bleed during the 
first 30 minutes after the bleeding time test, but after this period of 
time either spontaneous bleeding developed or cuff pressure provoked 
bleeding. It was found that more heparin is needed to prevent aggluti- 
nation of platelets than to inhibit formation of fibrin.-® It was suggested 
that heparin affects the platelets b}- acting with an unidentified sub- 
stance in plasma which may be present in different concentrations in 
different bloods.-^ We believe, as do Best, Cowan and MacLean,-- 

19. Bingham, J. B. ; !Me 3 -er, O. O., and Pohle, F. J. ; Studies on Hemorrhagic 
.-Vgent 3,3'-Methylene-bis-(4-Hydroxycoumarin) : Its Effect on Prothrombin and 
Coagulation Time of Blood of Dogs and Humans, Am. J. H. Sc. 202:563 (Oct.) 
1941. 

20. Solandt, D. Y.. and Best, C. H.: Time Relations of Heparin Action on 
Blood-Clotting and Platelet Agglutination, Lancet 1:1042 (June 8) 1940. 

21. Copley, .■\. L., and Robb, T. P.: Studies on Platelets: II. The Effect of 
Heparin on the Platelet Count in Vitro, Am. J. Clin. Path, 12:416 (Aug.) 1942. 

22. Best. C. H.; Cowan. C.. and MacLean, D. L. ; Heparin and Formation of 
White Thrombi, J. Physiol. 92:20 (Feb.) 1938. 
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tliat the agglutination of platelets is due to the presence of an “adhesive 
agent” and not to formed fibrin. This is also evident in white thrombus 
formation, in which several workers were unable to demonstrate precipi- 
tation of fibrin.-^ In spite of injection of heparin Murray, Jaques, 
Perrett and Best""* found that in some of their dogs thrombosis developed 
after injury to the blood vessel. This is also in accordance with our 
observations on formation of wound thrombi in mice which received 


excessive doses of heparin. In mice that have been given heparin growth 
of a thrombus will be primarily due to deposition of platelets and not 
to formation of fibrin. One may therefore assume that agglutination 
of platelets will be fostered by the skin or tissue factor ^ released by the 
injury. It may be postulated that as long as the platelets are not 
hyalinized -- and sufficient fibrin is not deposited to form a complete 
mixed thrombus, heparin may act in two ways on the white thrombus. 
Further growth of the thrombus will be inhibited and heparin may react 
with the adhesive agent and thus allow disintegration of the white throm- 
bus. We found that a time factor was necessary to allow renewed bleed- 
ing. We suggest that this is necessary so that the heparin may react 
with the adhesive agent. The force which is then applied by the cuff 
pressure dislodges the wound thrombus from its attachments to the 
margins of the wound. 

The phenomena of bleeding tijiie and platelet count are not generally 
interdependent, as MacFarlane ® pointed out. These findings correspond 
with those of Copley and Robb,^® who demonstrated that no correlation 
exists between bleeding time and platelet count in mice following single 


or repeated injections of heparin. 

We have previously shown that heparin may exhaust the skin factoi 
and that for this reason the bleeding time becomes prolonged in mice 
into which large amounts of heparin are injected.' In these animals the 
injured area has no more skin factor available and is therefore unable to 
form a white thrombus. The recurrence in heparin-treated mice o 
bleeding initiated with cuff pressure, or spontaneously, from severa 
minutes to several hours afterward, responds, as we believe, to the sanie 
mechanism. Since the decreased clot resistance occurs in hemophilia, 
it may be regarded as another feature in the produced hemophilia- 1 'C 


23. Apifz, K. : Uebcr den Ban Jungstcr BlutpIaUchenthroniben inicl den 
des Novirudins auf ihre Entstchung, CcntralbJ. f. allg. Path. u. path, Auat. 
(Nov. 10) 1930. 

24. Murray, D. W. G.; Jaques, L. B.; Perrett, T. S., and Best, C. H.: Heparm 

and Thrombosis of Veins Following Injury, Surgery 2:163 (Aug.) 1937. ^ 

25. Copley, A. L., and Robb, T. P.; Studies on Platelets: HI. The PAec 
of Heparin in Vivo on the Platelet Count in Mice and Dogs, -Am. J. ui. 
12:563 (Nov.) 1942. 

26. Copley and Lalicli (footnotes 4 and 7). 
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condition in heparinized mice. It has been shown that the fibrinogen is 
progressively but slowly converted into fibrin in both the hemophilic 
blood and the heparinized blood.-" In this connection it is of interest 
that the clot firmness test with blood clots of hemophiliacs and blood 
clots from rabbits treated with heparin showed the firmness to be greatly 
decreased. The decrease in clot firmness of blood from the heparinized 
animals persisted for a long time. These findings indicate not only that 
the attachment of a wound thrombus may become abnormal but that the 
firmness of the clot itself is impaired both in persons with hemophilia 
and in animals that have been given heparin. 

SUMM.\RY 

An apparatus was devised for studies of clot resistance in wounds of 
the tails of mice. The effect of incision, amputation and puncture 
wounds on tire bleeding time and clot resistance in normal- mice was 
studied. The clot resistance test was standardized in rnice. 

Following subcutaneous injections of large doses of heparin the clot 
resistance in most mice was found to be decreased. Only a portion of the 
mice treated with dicoumarin (3,3'-methylene-bis-[4-hydroxycoumarin] ) 
exhibited decreased clot resistance. The clot which is formed in the 
wound is differentiated from a blood clot formed in vitro and is defined 
as a “wound thrombus.” The probable mechanisms by which heparin 
and dicoumarin (3,3'-methylene-bis-[4-hydroxycoumarin] ) induced a 
hemorrhagic tendency in mice and decreased the clot resistance and also 
the factors involved in hemostasis are discussed. 

Welfare Island, New York. 

27. Copley, A. L. ; The Phenomenon of Thixotropy in Hemophilic and Heparin- 
ized Blood, Science 94:543 (Dec. 5) 1941. 



SURGICAL ANATOMY OF THE EXTERNAL 
CAROTID PLEXUS 
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Both neurologists and surgeons have given steadily increasing con- 
sideration to the pain which accompanies vascular disease. Among 
the varieties is atj^pical facial neuralgia, in which the pain is felt in the 
areas supplied the external carotid arteiy. Section of the sensor}’ 
root of the trigeminal nerve has usually ‘ failed to relieve such pain. 
Other attempts to relieve it have included resection of the cervicothoracic 
sympathetic chain at various levels and periarterial stripping of the 
common carotid artery near its bifurcation. It is generally believed 
that the autonomic nervous system is involved in the production of 
atypical facial neuralgia, and on this basis attempts have been made 
to relieve it by severing (either preganglionically or postganglionically) 
the motor outflow reaching the affected sites. 

After the operative treatment of atypical facial neuralgia, results are 
not predictable, and in some cases no relief at all is obtained. Further- 
more, a Horner’s syndrome results from cutting the cervical sympathetic 
chain. Since section of the autonomic nerves accompanying the facia! 
artery has relieved buccal neuralgia,’^ it was felt that the pain in otlier 
areas might be relieved by denervating the external carotid artery witli- 
out disturbing the cervical portion of the sympathetic trunk. Howevci, 
the descriptions given of the branches of the superior cervical ganglion 
which pass to the external carotid artery are inconsistent, and data 
obtained from other vertebrates have often been assumed to be true of 
man without attempts at substantiation. This paper discusses tlic 
anatomy of the external carotid plexus plus other features of the cervical 
sympathetic chain. 

No attempt is made here to review the literature other than that 
pertinent to the present problem. Siwe " thoroughly dissected the con 

From tlie Department of Anatomy, Stanford University Scliool of Jfecliciin. 
This work, begun at Stanford University, was completed in the Dcpartnicn o 
Anatomy, Washington University School of Medicine, St. Louis. Dr. 

L. Reichert suggested the problem and made available a grant fmni tlie s-inne. 
Neurological Research Fund, Stanford University School of Jfedicine. ^ 

1. Reichert, F. L.; Buccal Neuralgia: A Form of Atypical Facial Ncura gc 
of Sympathetic Origin, Arch. Surg. 41:473-486 (Aug.) 1940. 

2. Siwe, S. : The Cervical Part of the Ganglionafed Cord, I 
Reference to Its Connections with the Spinal Nerves and Certain Cere ira 
Am. J. Anat. 48:479-497, 1931. 
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nections of the cervical portion of the s}’mpathetic trunk in human beings. 
He emphasized that a multitude of anastomoses occur between the 
glossopharjmgeal and the hypoglossal ner\-e and between the vagal and 
the sympathetic trunk. Connections of the vagus nerve with the first 
two cervical nerves were found to be constant. He also pointed out 
that the connections of the superior cervical sympathetic ganglion and 
the jugular ganglion of the vagus nerve may lead to a fusion of the two. 
Sheehan, MulhoHand and Shafiroff ^ described many of the same con- 
nections in their observations on the anatomy of the carotid sinus nen-e. 



Fig. 1. — Drawing of a dissection of tlie right side of the head and neck. Most 
of the common carotid arterj- has been removed, and the mandible has been cut 
away to show the external carotid plexus. A branch entering into this plexus 
can be seen hooking around the hyoid branch of tlie superior tlij-roid artery. 
A branch of the facial nerve is seen crossing the external maxillarj- arter 3 ' and 
its accompanying nerves. 


MATERIALS AND METHODS 

Twenty dissections were made in cadavers, and certain features were cliecked 
in student dissections at the Washington University School of Medicine, St. Louis. 
By the use of a fine sharp probe, small scissors and forceps, small nerve filaments 
could be traced for considerable distances in the connective tissue around the 

3. Sheehan, D. ; yfulholland, J. H., and Shafirofr, B. : Surgical Anatomy of 
the Carotid Sinus Nerve. .\nat. Rcc. S0;-131-442, 1941. 
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blood vessels. Where differentiation from connective tissue was needed, injection 
o^ solution of sodium chloride into the larger trunks was frequently helpful. 
Figures 1 and 2 are drawings of a dissection of a head and a neck which showed 
most of the features described in this paper. 


OBSERVATIONS 

The external carotid plexus is formed in a more or less constant 
manner. Fiom the superior pole of the superior cervical ganglion either 
one branch may arise which almost immediately splits into several or 



Fig. 2. — Drawing of a dissection of the left side of tlie head and the neck, 
showing the external carotid plexus with a component branch ascending from the 
superior thyroid artery. The deep cardiac plexus is shown encircling the left 
subclavian artery. A stellate ganglion is present, and lying medially is a small 
ganglion detached from the stellate ganglion, probably representing part of the 
inferior cervical ganglion. 

there may be an anastomosing plexus made up of small fascicles from 
which three or four branches arise. One of these branches forms the 
twigs which enter into the formation of the intercarotid ple.xus described 
by Sheehan, Mulholland and Shafiroff. Another branch runs directly to 
the e.xternal carotid arter}', usually to its medial side, and enters into the 
formation of the external carotid plexus. A third branch descends. 
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posterior and medial to the origin of the external carotid artery, to the 
superior thyroid artery. It usually anastomoses with the superior 
larjmgeal branch of the vagus nerve and supplies the superior thyroid 
arter}' with fine filaments. Then, after passing inferior to that arter}- or 
to its hyoid branch, the nerve makes a sharp turn superiorly to ascend 
along the anterior surface of the external carotid arterj-. It supplies a few 
small twigs to the lingual arter)’, and almost immediately thereafter it 
anastomoses with the aforementioned branch of the superior cer\-ical 
ganglion. Both branches break up into a plexus which lies in the con- 
nective tissue encircling the arter)’. The component branches vary in size. 
Filaments may be traced inferiorly to the intercarotid plexus. The 
occipital and ascending pharyngeal arteries are accompanied by small 
branches. Opposite the posterior auricular artery a gangliform enlarge- 
ment is occasionally seen, the so-called temporal ganglion. The branches 
to the external maxillary arter)’ are numerous, forming an anastomosing 
plexus which can be traced as far as the angle of the mouth. Most of the 
plexus appears to be derived from the branch which has hooked around 
the superior thyroid artery. Small filaments enter the submaxillary 
gland with the blood vessels, and a few join the submaxillar)' ganglion. 
As the external maxillary artery and its accompanying nerv’es ascend 
over the mandible, they are crossed at almost right angles by several 
large branches of the facial nerve which intertwine with these autonomic 
neives. 

The external carotid plexus continues superiorly to the terminal 
branches of the arter)-. Fine rami could be traced for only a short 
distance along the superficial temporal arter)’. Along the internal 
maxillar)’ artery the plexus suddenly breaks up into numerous small 
anastomosing filaments lying in the dense connective tissue of this 
region. A few filaments accompanied the middle meningeal arter)’, and 
a few descended with the inferior alveolar artery into the alveolar canal 
of the mandible. No attempt was made to find the external superficial 
petrosal nerve or to trace branches to the terminal parts of the internal 
maxillary artery. 

The branch which turns around the superior thyroid arter)’ or its 
hyoid branch is nearly constant. Occasionally, it turns around the 
lingual artery, and a separate branch descends to the superior thyroid 
artery. In 4 cases the nerve communicated with the h)’pogIossal nerve ; 
this was in addition to other connections which were found betrveen 
the superior cervical ganglion and the hypoglossal ner\’e. All of Siwe’s 
descriptions of the connections of the ganglion with neighboring ner^-es 
as well as his observations that rami communicantes from it are limited 
usually to the first two cervical ner^-cs. sometimes to three and rarely 
to four, have been confinned. 
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Figure 3 is a diagram of the external carotid plexus plus other 
branches of the cervical chain. The origin of the vertebral nerve is 
shown. Tin’s is a large nerve arising from the inferior cervical or the 
stellate ganglion, which crosses the vertebral artery dorsally from the 
lateral to the medial side. According to Siwe it joins the sixth or the 
seventh cervical nerve and is a ramus communicans almost entirely 
separate from the plexus along the vertebral arter)^ This vascular 
plexus is continuous with the subclavian plexus, and as it ascends along 



Fig. 3. — A diagram of the external carotid plexus plus other branches o t ic 
cervical chain. The structures normally hidden by the arteries arc 
gray. Only the bifurcation of the common carotid artery is shown, an 
ascending pharyngeal and occipital arteries have not been indicated. The union 
of the superior cardiac branches of the vagal and sympathetic trunks is s io« n- 
The intercarotid plexus is also shown, but the carotid sinus nerve an o 
branches of the glossopharyngeal nerve have not been indicated. 

the vertebral artery it connects with each of the cervdcal nertes. 
sumably it continues to the basilar artery. 

The superior part of the common carotid artery receives a fetv 
from tlie intcrcarotid plexus. Filaments from the middle^ and m 
cervical ganglions are also distributed to the common carotid artery 




GARDNER— EXTERNAL CAROTID PLEXUS 


243 


form a ratlier sparse plexus. It is not possible macroscopically to trace 
a continuous plexus along the common carotid artery from its origin to 
its termination. Nor is it possible to trace a plexus from the common 
to the external carotid arter}'. Such longitudinal connections may exist 
in otlier vertebrates, but if they are present in man, other methods are 
necessary to demonstrate them. The superior cardiac nerves are some- 
times embedded in the loose connective tissue around the common 
carotid artery for a part of their course. 

COMMENT 

At first glance it is difficult to understand why axons destined for 
distribution to the face should descend as far as the superior tltyroid 
artery before returning to tire area they supply. The explanation may be 
einbr}'ologic, based on the distribution of axons to the external carotid 
plexus before the thyroid gland is completely formed. \^'hen the gland 
descends into the neck, this particular branch is carried inferiorly in 
much the same manner that the recurrent lar}Tigeal nen'es are carried 
inferiorly with the aorta and the subclavian arter}-. Naturally, the 
branch passing directly to the external carotid artery- is not affected 
by this descent. The hooking of this nen-e around the superior thyroid 
artery explains Frazier’s obsen-ation that a ligature applied to the 
superior thyroid artery- may cause pain referred to the trigeminal area. 

Periarterial stripping of the common carotid artery near its bifurca- 
tiorr has been done in attempts to relieve atypical facial neuralgia. If tire 
purpose of this operation was denervation of the external carotid artery-, 
then reasons for its failure are ob\nous. The external and conrmon 
carotid plexuses are rrot directly continuous. Even if microscopic con- 
nections do exist, the external carotid artery- will receive but a small 
fraction of its total supply from them. Denen-ation may be possible by 
periarterial stripping of the external carotid artery- near its origin. 
Cutting the same branches as they arise from the superior cervical 
sympathetic ganglion will achieve the same results. 

Although the autonomic ner^-ous system is involved in the production 
of pain along tire extenial carotid artery,® the sensation of pain is trans- 
nritted by nen-ous pathways to cell bodies the locations of which have not 

4. Frazier, C. H. : .■\typical Neuralgia, Arch. Neurol. & Psychiat. 19:650- 
639 (April) 1928. 

5. Davis, L., and Pollock, L. J. : The Role of tlie Sympathetic Nen'ous 
System in the Production of Pain in the Head, .-Vreh. Neurol. & Psj-chiat. 27: 
282-293 (Feb.) 1932. Fay, T. ; At\-pical Facial Neuralgias: A Syndrome of 
\'ascular Pain, Ann. Otol., Rhin. & Larj-ng. 4:1032-1062, 1932. Peet, lif. M. : 
The Role of the Sj-mpathetic Nervous System in Painful Diseases of the Face. 
.\rch. Neurol. & Psychiat. 22:313-321 (.^ug.) 1929. 
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as yet been determined with any certainty. Helson ® studied patients in 
whom the, sensory root of the trigeminal nerve had been sectioned for 
trigeminal neuralgia. He reported that there remained a perception of 
deep 231'essure and of gross changes in temperature which evidently was 
not transmitted by the facial nerve. It is evident that an understanding 
of these intricate nervous pathwa 3 's awaits further and intensive studies 
by microscopic and experimental methods. 

SUMMARY 

The anatomy of the external carotid plexus plus other features of the 
cervical s^-mpathetic chain has been studied in 20 dissections in cadavers. 
Of several branches arising from the superior pole of the superior 
cervical ganglion, two enter into the formation of the external carotid 
plexus. One goes directly to the external carotid artery. The other 
descends, turns sharjDly around the superior thyroid artery and ascends 
to anastomose with the previous branch. Filaments from the plexus 
formed h}'^ these two branches accompany all the branches of the external 
carotid artery. 

The external carotid plexus is not directly continuous with the 
common carotid plexus. The arrangement is such that periarterial 
stripping of the external carotid artery near its origin would probably 
denervate the entire artery. The relation of such denervation to atypical 
facial neuralgia is discussed. 

Department of Anatomy, Stanford University, California. 

6. Helson, H. : The Part Played by the Sympathetic System as an Afferent 
Mechanism in the Region of the Trigeminus, Brain 55:114-121, 1932. 



FREE GRAFT OVER A VITALLIUM TUBE FOR 
BRIDGING A GAP IN THE CO^IMON 
BILE DUCT OF THE DOG 

JERE W. LORD Jr., M.D. 
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ARTHUR 1. CHENOWETH, M.D. 

XEW YORK 

In Jul)’ 1941 Pearse ^ reported on the use of a vitallium - tube for the 
relief of stricture of the common bile duct in a group of 3 patients. His 
work was first carried out in dogs, and the technic was subsequently 
applied to human beings. Pearse drew the following conclusions : 

1. A vitallium tube does not form stones or deposits in the presence 
of bile. 

2. No pathologic changes occur in the common bile duct as a result 
of the contiguity of the metal tube. 

3. A holder (or flange) attached to the side of the vitallium tube and 
protruding through the anastomosis is important in preventing the tube 
from slipping down the common bile duct. 

4. The 3 patients in whom it had been used and in whom the ends 
of the common bile duct were anastomosed over the vitallium tube had 
remained well clinically. 

More recent!}' Pearse ^ made a supplementary report in which he 
discussed the use of a wide variety of vitallium tubes in benign and 
malignant strictures of the common duct and reported Zinninger’s 
case of pancreatic fistula cured by implantation of the pancreatic duct 
over a vitallium tube into the stomach. One significant problem was 
stated by the author to have remained unsolved, that is, the question of 
how to bridge a gap in the common bile duct with a vitallium tube. He 
suggested the mobilization of the duodenum and the pancreas so that 
the duct could be moved to the hepatic fossa but recognized the fact 

From tlic Department of Surgery, New York Hospital and Cornell University 
Medic.al College. 

1. Pearse, H. E. ; Benign Stricture of the Bile Ducts Treated with a Vitallium 
Tube, Surgery 10:37-44, 1941. 

2. The approximate composition of vitallium is cobalt 65 per cent, chromium 
30 per cent and mohhdcnum 5 per cent. 

o. Pearse, H. E. : ^'italIium Tubes in Biliary Surgery, .Ann. Surg. 115:1031- 
1042, 1942. 
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that this cannot always be done. Clute in a patient with a stricture 
of the common duct was able to bridge a 2 cm. gap in the duct by bringing 
the omentum around the bare vitallium tube, the ends of which bad 
been inserted into the separated ends of the common bile duct. 

In January 1942 we began a series of experiments in the dog to 
determine whether a gap in the common bile duct could be bridged by 
means of a free transplant of peritoneum, vein or fascia over a vitalliiini 
tube. After six months of experimentation the following conclusions have 
been established; 

1. Fascia from the anterior rectus sheath makes an ideal graft; in 
our animals these transplants were satisfactory in 100 per cent of cases. 

2. Venous grafts are less dependable; in 4 out of 10 animals there 
was either significant leakage of bile or absorption of the graft. 

3. Peritoneal grafts are not reliable; in 4 of 5 experiments such a 
graft failed, seeming to vanish by the third week, with the result that 
there was leakage of bile, obstruction to the duct, or both. 

3METH0D 

Twenty-four normal mongrel dogs were operated on under anesdicsia induced 
with soluble pentobarbital U. S. P. (pentobarbital sodium), and a graft from one 
of three sites was fashioned into a cuff around a straight vitallium tube (fig. U- 
Two sizes of tubes were used, and in some instances there was a holder attnehet 
(fig. 2). An upper right rectus incision was used, and fascial grafts w'crc taken 
from a strip in the anterior rectus sheath. A segment of the right fcnioial \cin 
was used for the free venous transplants, and a strip of parietal peritoncuni vas 
taken from the edge of the wound when peritoneal grafts were used. Arterial si 
was used as the suture material in all experiments. 

The animals were killed at approximate intervals of fifteen, thirty, sixtj .ant 
ninety days postoperatively. A few of the dogs died of bronchopneumonia curing 
the first two postoperative weeks, and exploratory operations were peifomic on 
2 animals at the end of the first week. Specimens of the common bile duct ml' 
the graft and vitallium tube were examined grossly and microscopically. 

In general, fascia is easy to handle and can be fashioned without difficult nit^ 
a snugly fitting cuff around a vitallium tube. A continuous arterial siU 
was used to approximate the fascial edges. Lateral slits were made in tic ascu^ 
at the holder in order to obtain a satisfactory appro.ximafion. In some 
the fascia was anastomosed to the common bile duct with three stay sutures 
tlicn the edges were joined by a continuous silk suture from stay to staj. n 
stay sutures only were used, and they proved perfectly adequate. 

TYPICAL PROTOCOLS 

Don I. — A female animal weighing S3 pounds (24 Kg.) was 
fascial graft over a small vitallium tube with a holder on March lo, ^ 
postoperative course was uneventful, the stools being brown on all occasions, 

4. Clute, H. M. : Bile-Duct Reconstruction with Vitallium Tubes. Kep ' 
a Case, New England J. Med. 220:484-487, 1942. 
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no icterus was noted at any time. On the fortieth postoperative day the animal 
gave birth to a litter of four puppies. After the puppies had been weaned the 
dog was killed on the ninety-third postoperative day, while in a state of e.xcellent 
health. Autopsy showed the vitallium tube to be in place without evidence of 
encrustation or deposits. The fascial graft had healed well, and there was no 
significant dilatation of the hepatic ducts above tlie operative site. 

Dog 2. — A male animal weighing 49 pounds (222 Kg.) was operated on on 
Feb. 10, 1942, and a fascial graft over a large vitallium tube with a holder was 
carried out. The dog remained in excellent health, and on !May 12, 1942, the 



Fig. 1. — Diagram showing the various steps in the construction of a fascial 
graft and its anastomosis to the common bile duct over a r-italliura tube with 
holder : 1, a strip of fascia is resected from the anterior rectus sheath. 2 and 2, 
the fascial strip is fashioned into a cuft around the vitallium tube by means of a 
continuous arterial silk suture ; lateral slits are made at the point where the holder 
penetrates the cuff. 4, stay sutures of arterial silk have been placed through the end 
of the common duct and fascial graft. 5, the anastomosis of one end of the duct to 
the graft is completed by means of a continuous arterial silk suture; it was found 
that the continuous suture was not necessan.-. 


ninety-first postoperative day, the common bile duct was resected and a cholecysto- 
gastrcslomy performed. There was no dilatation of the common bile duct, and 
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Fig. 2. — The two sizes of vitallium tubes used in this study. A holder was 
attached to some of the tubes. 



Fig. 3. — A, the resected common bile duct with fascial graft is viewed 
B, the specimen has been opened with the vitallium tube in situ. C, the \i a 
tube has been removed, and the fascial graft is evident between the cn s o 
common duct, which are glistening. Some of the silk sutures are visible. 
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the fascial graft had healed perfectly. It had shrunk in length, however, being 
only 6 mm. long instead of the original 12 mm. The vitallium tube had discrete 
areas of yellowish browm, granular, soft deposits both on the outside and on the 
inside. These deposits, which measured 1 mm. in thickness, could easily be scraped 



Fig. 4. — A, photomicrograph of a fascial graft of dog 2, showing no epithelium 
on tlie inner surface. B, photomicrograph of a venous graft, showing the columnar 
epithelium to line its inner surface. At the bottom of the film elastic fibers are 
in evidence. 


away (fig. 3). .A. photomicrograph of the specimen revealed that no epithelium 

had grown along the graft to line its inner surface. This finding is in contrast to 
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the experience with venous grafts, in which epithelium does line the vein in some 
cases (fig. 4). 

RESULTS 

Fascial Grafts. — There, were 9 dogs in this group. In every instance 
the fascial graft took satisfactorily, and at no time was there any evidence 



Fig. 5. — A, the specimen includes the common bile duct and the wall o 1^ 

duodenum. A probe passes from the ampulla of Vater through the duct. The lo cr 

of the vitallium tube can be seen. B, the specimen has been opened, and the ■venous 
graft has evidently shrunk to 2 or 3 mm. The two rows of silk sutures arc m 
evidence. C, the vitallium tube has been removed and is free from cposi^^. 
Tile mucosa of the common duct is glistening and shows no evidence of traum. 
caused by the vitallium tube. 

of Iiiliary leakage. In 2 dogs stricture of the fascial graft de\ elope 1 
because of slipping of tiie vitallium tube. Epithelization of the graft 
did not occur in any animal. 
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Venous Grafts . — In 10 dogs a graft from the femoral vein was used 
to bridge a gap in the common bile duct over a vitallium tube. Of the 
4 dogs in which the procedure was not successful, in 2 a slough of the 
venous graft developed, with subsequent obstruction to the common bile 
duct, and in the other 2 leak^e of bile occurred during the first post- 
operative week, resulting in walled-off collections of bile. In these 2 
animals the venous graft, in spite of careful suturing, became loose 
around the vitallium tube, with the result that gross apertures were 
evident. On the other hand, in the remaining 6 dogs no jaundice or leak 
developed, and the animals maintained a state of good health throughout 
the experiment. During the postoperative period 5 of the 6 animals 
were killed, 1 after two weeks, 3 after two months and 1 after ninet}'-two 
days. The grafts had taken well, and the only outstanding abnormality 
was that in 2 of the 5 grafts a pronounced shrinkage had occurred in the 
vein, so that the two suture lines had practical!}' joined, being only 
2 mm. apart (fig. 5). Microscopic study revealed that epithelization did 
occur over the inner surface of some of the venous grafts during the 
first ninety-two postoperative days. 

Peritoneal Grafts . — ^In 5 dogs peritoneal grafts were made in a similar 
fashion, and in 4 animals the graft sloughed, with consequent leakage, 
peritonitis and death. The remaining graft was examined at the end of 
two weeks, and it appeared to be normal. 

COilMEXT 

]\Iost patients with strictures of the common bile duct will be amenable 
to the insertion of vitallium tubes with end to end anastomosis of the 
duct over the tube, but there will be an occasional case (for example, 
case 2 in Pearse’s original paper ^ and Clute’s case^) in which the 
surgeon will not be able to bring the ends of the duct into apposition, 
and it will be this group of patients in which a fascial graft over a 
vitallium tube with a holder should be employed. The greatest length 
of the graft possible remains a matter of speculation since in all of the 
dogs the length of the graft was limited by the length of the tube, because 
the ends of the vitallium tube must protrude beyond the graft, and hence 
beyond the two anastomotic lines. Therefore the grafts in these experi- 
ments varied between 1 and 2 cm. in length. Elsewhere “ fascial grafts 
4 cm. long have been used to bridge a gap in tlie jejunum over a vitallium 
tube 6.5 cm. long. 

In the urinary tract, fascial grafts become lined with transitional 
epithelium,''' but iu none of the fascial grafts of the common bile duct 
did the epithelium grow down to line the inner surface of the graft. 

5. I.ord. J. W., Jr., .nnd Stcfko. P. L. : Unpublished data. 

6. Lord. J. \V.. Jr.; Sleiko. P. I... and Stevens. .■}. R.: On Bridcincr a Gap 
in the Ureter by Means of a Free Fascial Tr.ansplant over a Straight t'itallium 
Tube .Vn Experimental Study. J. LVoL. to be published. 
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The vital importance of empIo 3 'ing a vitallium tube with a holder 
is evident in view of the stricture which occurred in a dog in the series 
some twenty days postoperatively ; the tube had passed into the duodenum 
early in the postoperative course. Tubes without holders were used in 
14 animals, and obstructive jaundice secondary to slipping of the tube 
and stricture formation occurred in 4. 

In 2 instances in this series of experiments, once in a fascial graft 
and once in a venous graft, the vitallium tubes showed yellowish brown 
amorphous deposits 1 mm. thick. In neither case did the deposits cause 
obstruction to the flow of bile. In the animal in which fascia had been 
used the tube was examined ninety-one days postoperatively, while in the 
dog with the venous graft the specimen was examined on the sixty-sixth 
postoperative day. Dr. Pearse informed us ' that in no case has he ever 
found an}'' deposits on a vitallium tube, and his experiments were con- 
tinued for two years on dogs and for nine months on a human subject. 
We are at a loss to explain the deposits on the vitallium tubes in 2 
of our dogs. ^Vhether they would have eventually accumulated to the 
point of complete occlusion of the tube is a matter of conjecture. Clini- 
cal experience, as it enlarges, may confirm this finding as an unfortunate 
though unusual occurrence. 

The principle of the permanent rigid tube to prevent the recurrence 
of a stricture, as established by Pearse, is a sound one and is a signifi- 
cant advance in the operative treatment of stricture of the common bile 
duct. However, even though vitallium far surpasses any other sub- 
stance heretofore employed for this purpose, it may be hoped that some 
substance will be found which will be more pliable and even more inert. 

CONCLUSIONS 

1. By means of a free fascial graft from the anterior rectus sheath, 
fashioned into a cuff around a straight vitallium tube with a holder, 
a gap in the common bile duct of the dog can be bridged with uniform 
success. 

2. \*enous grafts are only moderately successful, for in 40 per cent 
of the animals used in the experiments reported here bile leaked during, 
the first week after operation and/or sloughing of the graft with foima 
tion of a stricture occurred. Also, venous grafts wliich take satisfactori } 
tend to shrink more rapidly and completely than fascial grafts. 

3. Free peritoneal grafts should not be employed, since the) sloughe 
in 4 out of 5 instances. 

The .■\ustenal Laboratories, New York, through Mr. J. J. Erdmann, suppb’c 
vitallium tubes used in these e-xperiments. 


7. Pearse. H. E. ; Personal communication to the authors. 
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Carcinoma of the large bowel is the second most common and the 
most curable of all internal cancers. Although it is usuall}- easier to 
diagnose than other internal cancers, delay in recognition and radical 
treatment makes it responsible for about one fourth of all deaths from 
malignant disease. Over 60 per cent of cancers of the large bowel may 
be accurately and instantly diagnosed b}”- palpation with the finger or by 
inspection through a proctoscope, yet a large percentage of patients are 
treated for other conditions because these simple examinations are not 
made. Commonly a roentgen examination is ordered, which usual!}' 
fails to delineate a cancer of the pelvic colon. On the basis of this 
negative evidence, the patient then may be treated for hemorrhoids, 
anal fissure, colitis, prostatitis, spastic colon or other conditions until 
he falls into the hands of some one who is perhaps less scientific but 
who first of all depends on an examining finger. Unfortunately, most 
of the lesions now seen by surgeons have long passed the earl}’- papular 
or polypoid stage, and their malignancy is clearly obvious without biopsy. 
With earlier diagnoses, which entail more attention to the less con- 
spicuous lesions, the rate of curability of intestinal carcinoma could be 
doubled. 

At this time we wish to discuss particularly the morbidity of opera- 
tions for malignancy of the large bowel. Unquestionably, the greatest 
mental distress and physical discomfort that follow the operation are 
due to colostomy. The first question the patient usually asks is, “Will 
I be left with an intestinal opening on my abdomen for the balance of 
my life?’’ Surgeons tend to be ritualists and to follow the operative 
pattern of the period. They leave an ugl}' abdominal scar because 
a JilcBurney or a Bassini introduced the incision. For years a 
colostomy with any proctosigmoidectomy has been sacrosanct. In 
defense of the pattern it must be admitted that an operation for cancer 

From the Surgical Department of Temple University. 

Re.ad before the Section on Ga5tro-Enterolog>- and Proctology at tlie Ninety- 
Third .•\nnual Session of the .-\mcrican Medical .\ssociation, .\tlantic City, N. J.. 
.lunc 10. 1942. 
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of the lower part of the bowel which does not leave the patient with a 
colostomy opening cannot be approved fully unless one is assured that it 
will not markedly increase the mortality, that it will be equally radical 
and that the perineal opening Avill be found advantageous after the 
operation. 

Does colostomy necessarily reduce the danger of the operation.? 
Recent mortality statistics from various clinics where colostomy is an 
essential part of the operation, although not entirely comparable, suggest 
that the colostomy does not add to the safety of the operation. Since 
1930, when we began to eliminate routinely establishment of a perma- 
nent abdominal colostomy opening in operating for removable carcinoma 
of the large bowel, we have had 367 operations for this condition on 
patients from 23 to 88 years of age. Two hundred and eight were 
single stage resections for carcinoma of the rectosigmoid or anus. These 
include 99 abdominoperineal proctosigmoidectomies, 99 perineal proc- 
tectomies or proctosigmoidectomies and 9 resections with primary end 
to end anastomosis. Nearly all were one stage procedures. Of the 208 
patients, 24 died in the hospital, a mortality of 11.6 per cent. In 1939 
technical improvements came into routine use, including improvements in 
anesthesia, use of nonirritating suction or of dependent drains and modi- 
fications to insure a more functional anal opening. One hundred and 
sixty-one patients have had operations for cancer of the large bowel 
since 1939, with 11 deaths in the hospital, or a mortality of 6.8 per cent. 
Ten, or 6.2 per cent, were found to have inoperable lesions; ISO (93.3 
per cent) had radical resections. Twenty of those on whom resection 
was done had early metastatic carcinoma of the liver; 4 had invasion 
of the small intestine, 6 of the uterus and others of the ureter, vagina, 
prostate or abdominal wall, I'equiring resection or removal. One hundied 
and seven had resections invohdng the pelvic colon, with 7 deatlis, a 


mortality of 6.5 per cent. 

If the colostomy is essential to render an abdominoperineal procto 
sigmoidectomy radical, then it should not be possible after the operation 
to move the colostomy fistula to the perineum. In 12 patients Ave lip c 
found no especial difficulty in moving to the perineum the opening e t 
after a Miles operation or some other procedure. With the exception 
of a feeble man of 74 AA'ith metastatic carcinoma of the lung Avho ic( 
in the hospital after a stage operation, all these patients recovered roin 
the operation. Our obserA'ations have conAunced us that operations 
Avithout an abdominal colostomy may be fully as radical as those routine v 
done Avith it. Of 100 patients traced after leaAung the hospital, 8 i'*^ 

one to Aa'c years or more, 38 fiA'c to ten years and 19 ten years or 

Is the perineal opening, CA’en AA’ithout sphincter control, Avorth v n 
Our best CA’idence comes from the 11 patients for A\’hom an 
coIostomA’ fistula has been moA'cd to the perineum after it haf 
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present from a short time up to eleven years. From these patients we 
have learned that the discharge of offensive gas is much less evident 
from a perineal opening, even when the anus and sphincters have been 
removed. Apparently this is due in part to compression by the buttocks. 
The patients tell us that the perineal opening is more convenient and 
easier to care for and that evacuations are more satisfacton.- and less 
frequent. A physician who had had a Miles operation performed eleven 
years before was so troubled b}' the noisy escapes of odorous gas ever}- 
time he bent over that he carried with him an irrigating outfit so that 
he could empty the bowel several times a day, and finally contemplated 
suicide. He left the hospital ten days after the transplantation operation 
and reports that he now can go about without a pad or other protec- 
tion and that it is necessar}' to irrigate the lower part of the bowel only 
once in two or three days. A second patient had lost her position in a 
bank on account of the odorous gas escaping from the colostomy open- 
ing. The transfer of the abdominal opening to the perineum overcame 
this handicap. A laundress was refused work on account of the 
abdominal opening. A fourth patient had extreme intestinal prolapse 
and hernia associated with the colostomy opening, which required hours 
of attention daily. In a woman of 26 the colostomy had introduced a 
problem in connection with her approaching marriage. The transfer 
of the opening has probably relieved a marital problem for others. Each 
one of the 11 patients considered the transplantation of the fistula to 
the perineum of great advantage. 

Five to 10 per cent of patients with a perineal colostomy opening 
without sphincter control require no local protection or change in diet 
except during periods of diarrhea. To limit soiling, about 85 per cent 
require an emptying of the colon by an enema or a quickly acting 
laxative ever}’- third or fourth day. By this expedient the majorit}- 
dispense with use of a protective pad most or part of the time. However, 
with over 85 per cent of cancers of the large bowel the pelvic floor is 
not involved, and a functional anus with its sphincters may be retained 
safely instead of being sacrificed, as in the conventional operations now 
used. iMany observations indicate that the lymphatic extension of cancer 
of the rectosigmoid is cephalad, not caudad. While a wide removal of 
intestinal and lymphatic tissue is imperative on a level with and proximal 
to the growth, a much less extensive resection below the tumor is 
required. Therefore, with a rectal carcinoma 7 cm.^ or more above the 
pelvic floor, the anus and functional sphincters may be retained. 

1. Some authors (Westhucs, H. : Die pathologisch-anatomischen Grundlagen 
der Chinirgie des Rektumkarzinorns, Leipzig, George Tliieme. 1934. Gilciirist, R. K.. 
and David, V. C. : Lymphatic Spread of Carcinoma of the Rectum. Ann. Surg. 
108:621 lOct.] lO.'?} present evidence for 5 cm. as the limit of safetv. 
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In an}' case, the abdominal liberation of bowel, mesentery and lym- 
phatics resembles Uiat of the Miles operation, except that a left oblique 
inguinal incision usualh’ is employed. To reduce the bulk of tissue to 
be delivered tlirough the perineum and to afford space for the formation 
of a pelvic diaphragm, the liberated bowel may be divided by cautery 
between double clamps of the de Martel type and removed. With 
cancers low in the pelvi.s this is not feasible, and there is tied about the 
loop of freed bowel at the level to be used for the perineal anus a 
folded gauze tape, the ends of which arc packed against the floor of 
the pelvis before the abdomen is closed. It is essential that sufficient 
^’ascuIar sigmoid be liberated (12 cm., or 5 inches) to reach from the 
posterior peh’ic brim through the perineum. Viability is determined by 
observing pulsating arteries or by the character of bleeding when the 
small vessels on the surface of the bowel are incised. If necessary. 


the descending colon is slid to a lower position, after its lateral peritoneal 
leaflet has been divided. If the bowel is resected between clamps through 
an abdominal incision, the proximal and distal ends are encased in 
stockinet tubing and placed on the floor of the pelvis, a pelvic diaphragm 
is formed, and the abdomen is closed. With the patient in lithotomy 
position, an anterior perineal delivery of the ends of the bowel through an 
incision of the Young prostatic type gives a better anal opening, since the 
bulk of the anal muscles lies posterior to the anus. This incision also facih- 


tates the resection of an invaded prostate. Through the opening anterior 
to the anus the stockinet ends are grasped and used to deliver the ends 
of rectum and sigmoid. The lower end of the rectum is divided by 
cautery just above the sphiircters. A Payr clamp is passed through the 
anus and caused to grasp the sigmoid above its clamp, which is burned 
off by cautery. The Payr clamp and end of the sigmoid are withdiawn 
through the anus, and the perineal incision is closed with interrupte 
layer sutures of fine alloy steel wire. Through a median stab woun 
near the tip of the coccyx a cun^ed, perforated glass sacral drain is 
inserted (fig. 1). If the rectum is attached posteriorly, a median 
cutaneous incision is made from the posterior border of the closed ^us 
and deepened along the side of the coccyx into the pelvic cavity. 
stockinet covering the clamped ends of the bowel is then grasped, tie 
bowel is liberated and the ends are pulled through the perineum- 
The asepticized rectal end is divided by cautery just above the spimc 
ters, the anus is split posteriorly and the end of the sigmoid lai m i^ 
anal groove, A perforated curved glass drain is inserted along i^ 
sacrum, to be removed after twenty-four hours, and the perinea n 
is partly closed with buried and superficial sutures of 32 B. & • g^t. 


alloy steel wire (fig. 2). . „ 

A variation of the operation is to pull through the perineum 
unopened loop of rectosigmoid b)’’ a tape previously tied about the signi 
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at the level where the new anus will be formed. The posterior incision 
leaves an anus of keyhole shape which in two months or more may be 
improved, if desired, by turning forward a U-shaped flap formed exter- 



Fig. 1. — The rectum and part of the sigmoid have been liberated and resected 
between short clamps through an abdominal incision, and the clamped ends have 
been delivered and further resected through an anterior curved perineal incision. 
The sigmoid end has been brought through the anus, w'hich has been split anteriorly, 
and a rectal tube has been tied in. A perforated cuiwed glass drain is inserted along 
the sacrum through a stab wound at the right side of the coccy.x. 



Fig. 2. — The loop of cancerous rectum and sigmoid liberated through the abdomen 
has been delivered through a midline post anal perineal incision. This loop of bowel 
lias been divided tlirough the sigmoid and also just above the sphincters, the sigmoid 
end has been placed in the gutter formed by the split anus and a rectal tube has 
been tied in. 

iially along the posterior cutaneous margins of the exposed sigmoid. 
The sphincters, perineal muscles and skin are united under tlie flap 
with interrupted wire sutures. It an anterior spur has formed where 
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the sigmoid joins the amis, this should be split anteriorly and sutured 
before the U-shaped flap of bowel is raised. Except when a plastic 
operation is performed a rectal tube is tied in the protruding sigmoid, 
which should not be sutured to the perineum. A week later, when 
adhesions have formed, the protruding insensitive end of the sigmoid is 
burned off by cautery. The patient often is out of bed by the sixth day 
and in condition to leave the hospital by the twelfth or the fourteenth day. 

I' or low-lying anal and rectal cancers a wide excision of the pelvic 
floor is made, and the withdrawn sigmoid is placed in the position of 
the anus. Such a jjcrineal or posterior resection is a useful operation 
for the aged and ver}' obese and for some patients with involvement of 
the vagina and prostate. It has the great disadvantage that it is difficult 
after any extensive perineal rectosigmoid resection to bring the divided 
end of the bowel to the perineum without interfering with its blood 
supply. As a result there is danger of pelvic infection, and a retracted and 
cicatricial bowel opening often forms. 

The preservation of the sphincters is more difficult with the perineal 
resection and, of course, is not to be attempted for a low-lying carcinoma. 
We have preserved functional sphincters by using an interrupted long 
medial perineal incision to expose the rectum just above the sphincters, 
the rectum being divided between ligatures. The first incision is then com- 
pleted vertically through the anus, the margins retracted and the recto- 
sigmoid widely liberated and delivered through the split anus. This 
procedure is followed by reconstruction of the perineum with drainage. 
In all these operations a preliminary careful cleansing and packing of 
the rectum with antiseptic gauze is employed. 

A secondary perineal hernia, for which a plastic operation may be 
done if the condition is annoying, develops after excision of the pelvic 
floor in about 5 per cent of perineal excisions. A moist opening from 
mucous prolapse may be corrected by linear cauterization, which may 
be done nearly painlessly as an office procedure. If there is a tendenc} 
to contraction of the new opening, the patient is given a set of test tubes 


to be used as dilators. 

For resections of the colon above the pelvis, our present tendenc) 
is toward resection with end to end anastomosis and coinplementa 
appendicostomy or enterostomy well proximal to the anastomosis. i 
the development of nonirritating suction drains for the peritoneum an 
a satisfactory one clamp method of end to end anastomosis with ne 
alloy steel wire sutures, the mortality subsequent to the anastomosis 
now compares favorably in our experience with that associated wit i Jc 
Paul-Mikulicz exteriorization procedure, while the morbidity is^ muci 
less. Probably it is a little more dangerous for resection of the sigmoi 
and rectosigmoid, but it surely seems safer for the right and trans^erse 
portions of the colon, where a modified Mikulicz procedure has gh^n a 
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mortality of 16.6 jter cent in expert hands. From 24 recent consecutive 
aseptic end to end anastomoses there -were 2 deatlis, or a mortality of 8 
per cent. One patient with carcinoma of the cecum, a man of 73, died of 
an intravenous reaction, and the second had renal suppression, hematuria 
and ileus without leakage or peritonitis. Several of the patients who 
recovered were over 70, and one was 85. One had a resection of a 
cancerous stomach and transverse colon with intermediate abscess ; 1 had 
a combined end to end resection of cancerous jejunum and transverse 
colon, and a third had a resection from the proximal portion of the 
transverse colon to the sigmoid with a large resection of abdominal 
wall containing an abscess from a perforated carcinoma of the splenic 
flexure. Such one stage resections were formerly considered ven- 
dangerous, but now, when performed with careful attention to detail, 
offer a superior result, especially with elderly, debilitated patients, 
who often cannot withstand prolonged confinement to bed and repeated 
operations. The loop of cancerous colon, with attached peritoneal folds, 
mesenter}- and lymphatics, is liberated. The arms of the loop, wide of 
malignant tissue, are alined by lateral guy sutures and divided between 
Payr or short clamps b}’ cautery. This leaves the distal and proximal 
ends of the colon crushed together in a single clamp, which is turned 
over. Two or three rows of seroserous sutures are then introduced, 
the clamp is rotated back to its fonner position and a continuous Cushing 
suture is introduced anteriorly over it. As the clamp is partly opened 
and withdrawn this suture is tightened, inverting and closing the anterior 
edges of the bowel without leakage. One or two anterior outer rows of 
interrupted seroserous sutures of 36 B. S: S. gage alloy steel wire are 
inserted, corresponding to those introduced on the posterior side. The 
fine wire is used universally on peritoneal surfaces, since it does not 
lead to perintoneal adhesions, as does catgut or silk. Care should be 
.taken to use only viable ends of bowel for the anastomosis, to have the 
sutured surfaces denuded of all fat and carefully apposed so as to be 
absolutely gas and water tight and to do an associated complemental 
appendicostomy or enterostomy. \\'ith the Mikulicz operation, as with 
any colostomy, there are a certain number of deaths from spreading 
pyoderma and other complications, and often, even when a muscle- 
splitting incision is used, a weak area is left in the abdominal wall. 

The lowest mortalities from resection of the colon in recent years 
have been reported by operators who have become adept in a single 
stage operation. In our experience, even when it has been necessarv 
to resect in addition a portion of infiltrated bladder, abdominal wall, 
ureter, stomach, adjacent intestine or vagina or to remove the uterus 
and appendages, we have found the single stage operation of advantage. 
In recent years we have not found it necessary to compromise one of 
these prolonged, complicated single stage operations on account of tlie 
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shock or unfavorable coiulilion, and none of the patients in whom 
multiple resections for malif^nant extensions were possible has died of the 
operation. 

A four clamp mctliod facilitates the removal of the ileum, uterus or 
other organ to which the cancerous colon has become attached. Two 
light clamps arc applied on each side of the bowel lateral to the growth, 
and the colon is divided h}' cauter}' between each pair of clamps. This 
leaves the diseased intestinal segment attached to the uterus or other 
organ, which is then removed or resected. The distal and proximal 
clamps are now apposed over a single Payr clamp and burned off. The 
end to end aseptic suture is tiien completed over the single clamp, as 
previousl}' described (fig. 3). 



Fig. 3. — Use of eight short clamps as in a combined aseptic resection of colon 
and jejunum for infiltrating carcinoma or jejunocolic fistula. The clamps have 
been applied and the segments divided by cautery. 


When the cancer has invaded an adjacent looi? of small intestine, 
it usually is feasible to fold the intestinal loop together and then appy 
two Payr or de Martel clamps obliquely across the base of the loop, 
which is divided by cautery between the two clamps. A similar opeiation 
may be used when a cancer of the ti'ansverse colon has invaded tie 
stomach. Again, adhesions or other condition may render an eight clamp 
double resection desirable. Here tlie small and the large intestine are 
resected, each with four clamps, as previously described (fig. 4). 

In resections of the colon above the sigmoid, including the ileocecum, 
for a number of years we have used only end to end anastomoses. ) 
apposing an oblique section of the smaller ileum to a transverse section 
of colon, a satisfactory end to end union ma)^ be made. A side 
anastomosis is a longer and more complicated operation ; tlie i m e 
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Fig. 4. — Method of end to end anastomosis over a single clamp after the diseased 
adherent segment shown in figure 3 has been removed. The clamped ends of bowel 
are alined and clamped together by an imderlying Payr clamp, and the ends are 
burned off by cauterj-. This leaves the ends of the bowel in the grasp of the single 
Fayr clamp in position for an aseptic end to end suture. 



Fig. 5. — Removable damp holder desirable for manipulation of the short clamps 
in the depths of the abdomen. 
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may become clistcnclccl with fcccil material and may even open under 
reversed peristaltic pressure. 

When the cancer has invaded the anterior abdominal wall, this may 
be resected en bloc with the diseased segment of bowel. Even when 
the colon has perforated into the abdominal wall with the formation of 
a localized abscess, the cn bloc resection should be used if possible. In 1 
case a large carcinoma of the splenic flexure had perforated into the 
abdominal wall ; it had been drained for four months elsewhere and 
then closed, to recur three months later. Even then it was possible to 
resect the transverse and the descending colon with a large segment of 
abdominal wall, enclosing the abscess, and to perform an end to end 
aseptic anastomosis between the proximal portion of the transverse colon 
and the sigmoid over a single clamp (fig. 5). Primary union followed, 
with the exception of a minute and transient sinus. While a comple- 
mental enterostom}'^ is less often required after resection of the right side 
of the colon, it will prove life-saving in certain cases, and at present is 
our routine practice. 

SUMMARY 

An experience of over 200 operations for cancer of the lower part 
of the bowel, performed in one stage without abdominal colostomy, has 
shown that such operations may be done with a relativel}’’ low mortality 
and with satisfaction to the patients. 

In over 85 per cent of the patients a functional anus may be preserved 
without destroying the radical nature of the operation. 

An experience of 12 operations has shown the feasibility of trans- 
ferring to the perineum an abdominal colostomy opening left by a 
previous operation. 

The transfer of the colostomy fistula has enabled patients to become 
acceptable for professional and office Avork, for household duties an 
for marriage. 

Plastic procedures for restoring function to the damaged anal sphinc- 
ters are described and illustrated. 

The Mikulicz procedure often may be supplanted with advantage y 
a more accurate one stage aseptic anastomotic operation, for which a 
single clamp method is described. In resections of the abdominal colon, 
the routine use of suction drainage and complemental enterostomy or 
appendicostomy and of nonirritating metallic sutures has been foun o 
advantage. 

ABSTRACT OF DISCUSSION 
Dr. Louis J. Hirschman, Detroit : I should like to say a word of 
mendation for Dr. Babcock and a few others who still feel that some pa le 
suffering from carcinoma of the large bowel have the right to choose av 
site of the colostomy may be located, provided that it does not in any way 
fere with their ultimate recovery. I happen to be one of a very sma g 
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who still feel that a patient can have a colostomy in the normal site and live 
just as long as if he had a colostomy on the abdomen, provided that the pro- 
cedure in each case is well selected. 

Those of you who will live longer than I shall will see tlie time come when 
more and more perineal colostomies and implantations into the perineal region 
will be done, and some time I hope that sphincters will again be able to function 
in persons who have had carcinomas excised. 

Dr. Fr.\xk H. L.-\hey, Boston: One can easily lose sight of certain things, 
the most important of which is that, given enough experience, a surgeon will select 
the type of operative procedure with which he has had the greatest success. This 
applies particularly to where one places the colostomy. Both Dr. Babcock and 
Dr. Hirschman have had a large experience, and they can select any type of 
procedure they choose and probably get verj- good results. 

With regard to our own experience, I can only say that nt\- associates and I like 
the abdominal colostomy. \\’e like it for tlie reasons that we can even mobilize 
the splenic flexure and, if we wish, bring it down to the colostomy opening and 
that we can remove large segments of gland-bearing area and long segments of 
bowel above the lesion. We have not infrequently had to mobilize the splenic 
flexure, and we can feel sure that when implanted on the abdominal wall the blood 
supply of the terminal end of the colostomy opening is adequate and intact ^^'^e 
feel that an opening' is more hygienic and easily cared for in the abdominal wall 
where one can get at it than anj-tvhere in the perineum or posteriorly. Hawng seen 
over 1,300 carcinomas of the colon and rectum, with an operability rate of between 
SO and 90 per cent, a mortality rate of 10.25 per cent and an average nonrecurrence 
rate of SO per cent, we feel that such lesions olTer great prospects for a high five 
year nonrecurrence rate and therefore must be approached as aggressively as 
possible. 

There are certain basic things to remember about a colostomy. So many people 
are unhappy even to consider the question of colostom 3 ' because nearlj- every one — 
patients, practitioners and many surgeons — thinks of it only in terms of the palliative 
colostomj-. This, of course, is a proper unhappiness, because everj-thing that is said 
about a colostomy when it is a palliative one is true. The lack of control of the 
movements and of the blood and pus is not the result of the colostomy but is 
largelj- due to the unremoved lesion. 

No matter where one does a colostomy there is no sphincter-like action which- 
produces control. It can never be controlled mechanically. It is controlled dietetic- 
ally, by teaching a person to constipate himself and bj- letting tlie colon have time 
to habituate itself to the fact that a new segment has taken on tlie function of 
the anal reservoir, and also by establishing the fact in the patient’s mind that the 
bowel no longer moves voluntarily but that defecation is accomplished by irrigation 
every second or third day. 

We are very careful not to discharge a patient after colostomy, but to keep 
in touch with him for six months. If he has colostomy accidents (soiling) it is 
during the time when these are occurring that he loses his morale and needs 
reassurance. If he has two or three bad experiences he will be so discouraged that 
it will be difficult to keep him enthusiastic and interested in his diet and proper 
handling of his colostomy opening. The patient learns during this time to handle 
any loose movements with paregoric and that he cannot take liberties with his 
diet or he will have loose movements which will be distressing to him. He learns 
that it is necessary to take plenty of time for his irrigation, to take time getting 
the catheter in — in fact, during this time he learns all the measures for successful 
ni.anagcnient of his colostomy opening. 
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Wc have learned, in addition, that in certain persons keloid scars develop about 
llic colostomy fistula and that if they do not insert tlie third finger, down to the 
middle laiuckic, through the opening every time they irrigate it, it will so contract 
that it will interfere with the successful removal of feces. None of our patients 
wears a bag. If a patient learns how to constipate himself and how to handle his 
colostomy opening, he needs only a piece of gauze and an clastic belt about the 
abdomen. 

I feel certain that if wc could disseminate throughout the country the knowledge 
that a colostomy performed after the lesion is removed is an utterly different 
problem from a colostomy done as a palliative measure, wc should then avoid the 
frequent fear and objection to a colostom}', hesitation about accepting the operation 
and unwise and undesirable delay. 

Dr. W. Wayne Babcock, Philadelphia; As the functional usefulness of the 
sphincters after these extensive operations has been questioned, Dr. Bacon and I are 
here showing in motion pictures a series of patients who after the operation are 
voluntarily contracting and relaxing the perianal muscles. The pictures demon- 
strate that the sphincters may still be functional after radical removal of 45 to 
65 cm. of bowel. Most of the patients shown have had single stage abdomino- 
perineal resection, and 1 a posterior perineal resection. One had the less desirable 
keyhole tj'pe of opening after a postanal delivery of the sigmoid, which now has 
been corrected by plastic operation. The anterior perineal withdrawal of the 
liberated bowel gives the most direct opening through the anus and has the advantage 
•of not dividing the posterior, i. e. the thicker and more important, part of the 
sphincter muscles. In our series all but 2 of the operations have been performed 
•in a single stage. With modern anesthetic methods, shock is rarely a problem, 
•even in prolonged and complicated intestinal resections. 

A very radical removal of rectosigmoid may be done with little perineal evidence 
of the operation and with retention of a degree of control of gas, good control o 
•solid fecal material and, perhaps at most, leakage only during diarrhea. 

An important problem of colostomy, which is lessened by the perineal opening, 

•is the control of offensive gas, which may cause the patient to lose his position. 



TRAUMATIC HEMORRHAGE OF THE 
INTERNAL CAPSULE 

ALFRED ANGRIST, M.D. 
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NATHAN MITCHELL, il.D. 

JAMAICA, LONG ISLAND, N. Y. 

The existence of traumatic intracerebral hemorrhage is generally 
conceded, yet the finding of a blood clot in the region of the internal 
capsule at autopsy is ordinarily accepted as positive eUdence that the 
lesion represents a spontaneous hemorrhage. If signs of trauma are 
present, the temptation is to consider such trauma as secondary to the 
unconsciousness and fall resulting from the apoplex3L 

Courville and Blomquist,’- in a discussion of traumatic intracranial 
hemorrhage, presented 38 instances occurring among 439 cases of fatal 
craniocerebral injuries. Only 7 cases of traumatic hemorrhage into 
the ganglionic region (external capsule and lenticular nucleus) were 
included. They stated : 

• • . • No example of gross hemorrhage into the posterior limb of the internal 
capsule, such as appears spontaneously in cases of hypertension or arteriosclerosis, 
has been obsen’ed by us. It may, therefore, be safely assumed that gross hemor- 
rhage in this region is not the result of tramna, for, of all portions of the brain 
presenting evidences of injurj-, this particular region seems to be most notably 
free. 

Jelsma - urged that traumatic hemorrhages be not “confused with 
apoplectiform lesions which are found in the internal capsule and deeper 
in the brain, though the traumatic clot maj' be as deepN placed as one 
in apoplexy.” There have been numerous clinical descriptions of trau- 
matic intracranial hemorrhage with involvement of internal capsule 
inferred by the existence of hemiparesis. Inasmuch as nearly all such 
cases represent recoveries after surgical evacuation of the clot or lack 
confirmation by autopsy, the evidence is indirect. Most such cases 
present the picture of Spdtapoplcxic of Bollinger with a time inten^al 
varying from days to months or even years. Only 1 instance of a 
traumatic fresh hemorrhage of the internal capsule at autopsy was found 

From tlie Department of Pathologv-, Queens General Hospital. 

1. Courville, C. B., and Blomquist, O. A.: Traumatic Intracranial Hemor- 
rhage, with Particular Reference to Its Pathogenesis and Its Relation to "Delayed 
Traumatic Apoplexy," Arch. Surg. 41:1 (July) 19-10. 

2. Jelsma, F. : Common Traumatic Lesions, Kentuck>- M. J. 34:264, 1936. 
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in the literature; this was clcscrihed h_v Berner." Several late effects of 
hcniorrliage of llie internal capsule ostensibly caused by trauma have 
been described, including an old lesion in the genu of the internal capsule 
eighteen years after the injury, described I)y Spillcr,'' 

In this presentation we wish to offer 7 instances of verified traumatic 
hemorrhage of the internal capsule and to discuss the medicolegal signifi- 
cance of such lesions. I-Iemorrhage into the internal capsule occurring 
immediately at the time of injury is admittedly rare, having occurred in 
only 7 instances in approximately 320 eases of trauma of the head in 
which autops}’’ was done. The eases rcj)ortcd here all represent instances 
of established trauma with varying-sized hemorrhages in the internal 
capsule. In some, the hemorrhage was limited to the region of the 
internal capsule without other marked cerebral lesions and without 
fracture of the skull. In others extensive associated morphologic evidence 
of trauma was noted in the skull and in the brain. In all the internal 
capsule lesion bore no relation to any superficial brain laceration, con- 
tusion or source of bleeding. The hemorrhages truly represented inde- 
pendent deeply placed parench 3 mial foci of bleeding within the cerebrum. 
Hemorrhage into the adjacent basal ganglions was also present in several 
of them. All cases with hemorrhage into the basal ganglions as well 
as all other deeply placed hemorrhages without involvement of the 
internal capsule have been eliminated. The lesions described herein 
corresponded to the first type in the classification of traumatic hemoi- 
vhages by Bailey ® and represented hemorrhages “which occur at the 
moment of injury.” 

KEPORT OF CASES 

Case 1. — N. B., a 49 year old man, was found in coma at the foot of a 
subway stairway. A hematoma was noted over the left occipitoparietal area. 
Deep irregular breathing with bubbling rales and diminished rcfle.xcs were piescn . 
The spinal fluid was bloody. Death occurred witliin two hours. At autopsj 
multiple skull fractures were found in all fossae. Extensive contusion o ic 
surface of the right frontal, parietal and temporal lobes was present, with 
petechial hemoiThagcs. On horizontal section, a hemorrhage 3 by 2 cm. 
seen in the anterior limb of the left internal capsule (fig. 1 A), and a 
of similar size and shape was found beyond the genu at a deeper levc ’ 

posterior limb of the internal capsule (fig. 1 B). Smaller deeply placed petce n-^ 
hemorrhages were noted in the head of the right caudate nucleus, the sp ” 
of the corpus callosum, the pons and the floor of the fourth ventric c. 
kidneys were natural, and the heart showed only limited hypertrophy. 
to the cause of the fall in this instance was found in the recoi'cry o P 

alcohol, equivalent to IS cc. per hundred grams, from the brain and tie 
The alcoholism and the multiplicity and the severity of the traumatic lesions vo 
tend to rule out coincidental spontaneous apoplexy. 

3. Berner, O. ; Patliological Anatomy of Traumatic Hcniorrliagcs of Bo 
and Their Medicolegal Significance, Norsk mag. f. Ircgevidcnsk. 94. 

4. Spillcr, W. G.: Unilateral Traumatic Selective Degeneration o 
lidum and the Striatum, Arch. Neurol. & Psycliiat. 35:310 (Feb.) 19 

5. Bailey, P. : Traumatic Apoplexy, M. Rcc. 61:528, 1904. 
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Fig. 1 (case 1). — A, section of the cerebrum and the brain stem showing hemor- 
rhage in tlie anterior limb and the genu of the left internal capsule and the upper 
portion of the pons and the floor of the fourth ventricle. Kote hemorrhage in 
the splenium of the corpus callosum. B, horizontal section of the cerebrum at 
the lower level showing hemorrhage in the posterior limb of the left internal 
capsule. Note surface laceration of the right frontal and temporal lobes. 



Fig. 2 (case 2).— Section showing massive hemorrhage involving all but the 
most posterior portion of tlie right internal capsule, the lenticular nucleus and th.e 
adjaeent subcortical white matter. Note distortion of the right lateral ventricle. 
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Cash 2. — G. C., a 31 year old man, was struck by a passing automobile while 
changing the tire on his car. He was brought to the hospital in coma and died 
shortly afterward. At autopsj' external evidence of injury was found in the form 
of multiple abrasions and contusions of the face and the right and left frontal 
regions. Comminuted fracture of the nose was present, but careful examination of 
the skull revealed no other fracture. A small amount of subdural and subarachnoid 
hemorrhage was seen bilaterally. Horizontal section of the brain (fig. 2) showed 
a massive area of hemorrhage involving the right internal capsule, the lenticular 
nucleus and the regional gray and white matter extending as far laterally as the 
island of Rcii. This area measured 4 by 7 cm. and extended to within 3 and 
4 cm. of the surface cortc-x. No surface lacerations of the brain were found. 
A moderate amount of punctate licmorrhagc was seen in the left frontal and 
right frontoparietal regions at the very junctions of gray and white matter. 



Fig. 3 (case 3). — Section showing level above the main blood clot wi 
tiple varying-sized discrete and confluent hemorrhages in the left interna caps 
and the medial portion of the putamen. 

Case 3.— W. M., a 4 year old boy, fell from a ladder while playing with some 
friends and landed on his head. He died almost immediately. At auti^sy e 
sive fractures of the vertex and the base of the skull were seen. 1 

separation of the frontoparietal suture on the right with a depresse ^ ^ 

by Yz in. (2.5 by 1.3 cm.) in the right frontoparietal region. n e 
linear fracture extended along the parietal bone. Both fractures 
around to the base in the region of the sella turcica with complete 
the anterior and posterior parts of the skull. Despite the extensive mj 
the skull, the brain appeared normal externally. On horizontal 
of hemorrhage was observed in the left internal capsule which exten e * 
adjacent basal ganglions, particularly the lenticular nucleus. ^ gf 

a photograph of the lesion at a level above the main blood clot. c 
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bleeding represented confluence of many small areas of hemorrhage. Although 
some petechiae were noted in the adjacent white matter, no other areas of hemor- 
rhage were noted in the brain. 

C.\SE 4. — N. J., an 8 year old boy, was struck by an automobile and died eight 
hours later witliout regaining consciousness. Abrasions but no lacerations were 
found about the face and the head. Autopsy revealed extensive basilar skull 
fracture with only limited surface lacerations in the frontal and right parietal 
regions. A horizontal section of the cerebrum revealed extensive focal hemor- 
rhages in the white matter of the frontal lobes and tlie corpus callosum. There 
were numerous streaked hemorrhages throughout the entire length of the internal 
capsule on the left side, and a larger area of hemorrhage 1 cm. in diameter 
e.xtended laterally from tlie internal capsule into the adjacent basal ganglions 
(fig. 4). A small hemorrhage was noted in the posterior limb of the right internal 



Fig. 4 (case 4). — Section showing multiple streaked hemorrhages in the left 
internal capsule and the adjacent putamen. Note extensive contusion and lacera- 
tion of the left temporal and right frontal lobes. Note small hemorrhage in the 
posterior limb of the right internal capsule and numerous varj-ing-sized concussion 
hemorrhages in subcortical white matter. 

capsule. Dissection revealed no surface laceration or hemorrhage continuous with 
tlie lesion in the internal capsule. 

Case 5. J. K., a 38 year old policeman, was tlirown from his motorcycle 

while traveling at a considerable rate of speed. He was brought to the hospital 
in a comatose condition. He showed lacerations of both eyebrows with regional 
hematoma and ecchiTuosis of both orbits. Overactiie knee jerks and bilateral 
ankle clonus were noted. Ife remained in coma, his temperature rising to 106 F. 
on the fourth hospital day with death occurring soon after, .\utopsy revealed 
grouped focal hemorrhages involving the right internal capsule and the lenticular 
nucleus. Some of the hemorrhages measured more than 1 cm. in diameter and 
merged with adjacent hemorrages of similar size. .At a deeper level isolated 



270 


ARCIIIVJIS Of SURGllRl 


smaller focal hemorrhages were fomul in both anterior and posterior limbs of the 
internal capsule. A few strc.aked hemorrhages were seen in the subcortical white 
matter in the region of the frontal and parietal lobes on the same side. No skull 
fracture was present. 

Case 6. — P. D., a 45 year old white woman, was injured in an automobile 
accident and was brought to the hospital in an unconscious state and in shock. 
There was laceration of the chin and contusion of the face just above the fore- 
head; large laceration of the scalp was also present. There were comminuted 
fractures of the tibia and the fibula. The left pupil was larger than the right, 
and both reacted. She improved for a few hours and then became restless, went 
into deep coma and died two days later. At autopsy the brain revealed grouped 



Fig. 5 (case 6). — Section showing grouped small hemorrhages in the 
limb and the genu of the right internal capsule. Some of the blood clot has 
displaced. 


small focal areas of hemorrhage in the region of the genu extending ac^ 
for approximately half of the posterior limb of the right internal capsu e 
. A smaller zone of softening or hemorrhage was noted in the correspon ing^ 
of the other internal capsule. A single small hemorrhage was also oun 
left lateral W'all of the fourth ventricle. No skull fracture was seen, a 
bleeding into the ventricular system or in relation to the cerebral menmg 
found. The immediate cause of death was extensive bronchopneumonia. 

Case 7. — J. B., a 28 year old jockey, was thrown from of 

race, became unconscious immediately and showed laceration of t e 
the head with hematoma of the temple. He was incontinent, an ^ hvper- 
spasm developed. The jaws were fixed. Reflexes on the ng t we 
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active, but the right arm and leg were flaccid. The left arm and leg were spastic. 
Abdominal reflexes were absent. A right-sided ankle clonus was present, and 
the knee jerk was hyperactive on the right. Bilateral Babinski reflexes were 
noted. Roentgen examination of the skull failed to reveal any fracture. The 
frequency of the decerebrate spells lessened for a while, but the right-sided paresis 
persisted. The right pupil was three times larger than the left and failed to 
react to light. The spinal fluid was bloody. Hyperpyrexial signs of pneumonia 
developed, and death occurred six daj’s after admission. Clinical diagnosis by 
Dr. Richard Grimes was contusion and laceration of the left temporal lobe and 
traumatic left intracerebral hemorrhage. At autopsj’ extensive hemorrhage was 
found low down in the posterior limb of the internal capsule just above the 
cerebral peduncle on tlie left side extending into the lateral portion of the 
adjacent thalamus. Some small areas of hemorrhage were noted elsewhere in 
the basal ganglions in tlie thalamus in the internal capsule, in the cerebrum and 
in tlie cerebellum. No skull fracture was found. 



Fig. 6 (case 7). — Coronal section of the inferior portion of the cerebral hemi- 
spheres showing large area of hemorrhage in the posterior limb of the internal 
capsule just above the cerebral peduncle on the left side. Note involvement of 
the lateral portion of the thalamus and the subcortical white matter. 

COMMEXT 

The differentiation of spontaneous intracerebral hemorrhage from 
the variety of intracerebral hemorrhage due to trauma ordinarily presents 
no difficulty. The so-called spontaneous medical hemorrhage, or apo- 
plexy! is centrally placed in the cerebrum with evidence of external 
trauma in the form of injury to the scalp, the skull and the surface of 
the brain, ordinarilv only minimal. The history usually rules out any 
causative trauma and establishes the sequence of events. Spontaneous 
hemorrha"e is naturallv associated with local vascular disease. It is 
more common in the older age group and otten occurs under circum- 
stances under which contributory trauma is impossible. Generalized 
vascular disease, hypertension, local atheroma, sclerosis and syphilis 
often will he found in the spontaneous variety of hemorrhage. 
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Tlicre arc no truslwortliy gross patliognomonic features of spon- 
taneous hemorrhage to clifTcrentiatc it from the traumatic variety. The 
adjacent tissue does usually show more widespread distribution of small 
petcchiac in the nontraumatic lesions. The zone of softening is also 
usually wider. There is usually a gradation in size and number of 
the petcchiac about the zone of spontaneous hemorrhage. There exists 
a greater tendenc}’' to respect and preserve the natural landmarks of the 
brain, no doubt dependent on the individuality of blood supply. Multiple 
foci of bleeding are less common in apoplexy. We have seen, however, 
numerous instances of blowout hemorrhages in the pons when a spon- 
taneous hemorrhage extended into the ventricular system without any 
associated trauma. In general spontaneous hemorrhage is placed in 
the region of the geometric center of the corresponding mass of brain 
tissue. In the cerebrum this does correspond approximately to the 
region of the internal capsule and adjacent basal ganglions, and t e 
lenticulostriate vessels are usually’’ implicated as the main source in this 


location. 

In contrast traumatic intracerebral hemorrhages are usually asso- 
ciated with considerable evidence of external trauma in the 
contusion and laceration of the brain surface or by scalp and/or s 'U 
injury. In 4 of the cases in the group presented here there ^yas exten- 
sive injur 3 ^ It is of pointed interest, however, to call attention to tie 
fact that no fracture of the vault or the base was present in o le 
7 cases. Evidence of injury to the surface of the cerebral cortex w 
entirely lacking in case d even though an extensive fracture o 
skull was present. The age incidence in the present ° ju 

hemorrhages is impressive. Four patients were under 40 wit i c 
4 years old and another S years of age. The youth of these pa 
rules out consideration of basic Avascular disease, such as is oun 
older persons. All circumstances favor dissociation from ^ 

case. Subdural or epidural hemorrhages are common 
but subarachnoid hemorrhages may be associated Avith o 
and nontraumatic lesions. In general hemorrhages due to ra 
to be multiple and are placed in the external aspect of tie ‘ | 

do not agree with Bailey that in all cases of traumatic m ra^ 
hemorrhages some previous disease process exists in the 
cerebral vessels will more often be found natural in cases 
hemorrhages, whether superficial or deep. 

There are two types of traumatic intracerebral 
form is superficially placed and represents a disten e 

clot. This usually results from venous bleeding. This b 
an interval of time to appear, and it is this forin ° .gpigxic. 
hemorrhage which constitutes the more common basis ^ 

This particular form of traumatic hemorrhage is of consider 
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importance and has received a great deal of surgical stud\- recently. 
This expanding blood clot may be looked on as a variant of the ordinary 
subdural hemorrhage, and the clinical pictures approach each other. 
Such traumatic hemorrhages are found usuall}’ in the region of a surface 
contusion and laceration. This form of hemorrhage can reach consider- 
able size and act like any expanding lesion. Numerous instances of 
identification by clinical means, with and without the aid of encephalog- 
raphy, with subsequent recovery for the patient are found in the litera- 
ture. They all have in common the feature of extending to the surface 
of the brain usually at the focus of origin. 

Another form of traumatic hemorrhage is the so-called concussion 
or blowout hemorrhage with no connection with an)" surface lesion of 
the brain. This form particular!)- comes well within the scope of our 
present study. The pons is the favorite site for such lesions. These 
may be found throughout the brain. They are seen more often in the 
white matter of the cerebrum and in the gray matter of the spinal cord. 
In the pons they have a characteristic streaked appearance, undoubtedl)- 
caused by the orientation of fiber tracts. A similar streaked appearance 
is noted in the region of the internal capsule in figure 4. Other than 
their location in the pons there seems to exist no particular preferential 
site. 

Courville and Blomquist have analyzed the relation of the direction 
of force in injury to the location of the hemorrhages within the brain. 
They favor the impact of the force in the temporal region for deeply 
placed ganglionic hemorrhages. In only 1 of our cases was there 
external e-\adence of trauma in the lateral temporal region. In 4 of the 
cases the force of injury was apparently applied to the region of the 
face. In the other 2 there was scalp injur)" in the region of the vertex 
or the occipitoparietal areas. A^'e have seen a wide range of gradation 
in size and form of such traumatic concussion or blowout hemorrhages. 
They vary in different cases of trauma and in the same case. Micro- 
scopic hemorrhages and petechiae may be associated with larger var)'ing- 
sized blood clots. The multiplicity of such lesions helps establish their 
traumatic nature readily. When, however, a single large concussion 
or blowout hemorrhage is found centrally placed, particularly in the 
internal capsule, and the history of trauma is equivocal in an older 
person with hypertension, the lesion may readily be interpreted as 
spontaneous apoplexy. It follows that any evidence of trauma pres- 
ent will be misinterpreted as secondary and as precipitated by the 
hemorrhage. 

The following case of spontaneous bleeding represents a single 
instance that is chosen because of the excellence of contrast to case 1 
in the series alrcadv presented. From the standpoint of circumstantial 
evidence, both persons were found at the bottom of a stairwa) in coma. 
Both showed hemorrhage into the internal capsule, yet the lesion of one 
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was traumatic in origin (case 1), the person having fallen because of 
Iiis inebriation ; and the otlier was obviously spontaneous (case 8) with 
the fall and the injury precipitated by spontaneous hemorrhage' in the 
internal capsule caused by underlying vascular disease. 

Cask 8. — An 82 year old man was admitted in coma, having been found at 
tlie foot of the cellar steps. He showed a hematoma in the left temporal region. 
The pupils were pinpoint and fixed. Spina! tap showed no increase in pressure. 
Tliere were 100 cells per cubic millimeter with lymphocytes predominating and 
only a few red blood cells. Generalized convulsions appeared, and the patient 
required amytal. ^luscle rigidity was absent on admission but appeared on the 
third day. The temperature rose to 102.4 F. with the pulse becoming impercep- 
tible and respiration ceasing shortly after. There was no return of consciousness 
during the entire stay in the hospital. At autop.sy the brain showed a deeply 



Fig. 7 (case 8). — Section showing massive spontaneous hemorrhage into 
posterior limb of the internal capsule with involvement of the regional white ma 
of the parietal and occipital lobes. Note blood clot in ventricle. 


placed massive left internal capsular hemorrhage with involvement o t e o^^^ 
radiation and regional white matter of the parietal lobe. Extension to 
tricular system was present. Some surface lesions were found in the e 
parietal region but were of a limited nature. The kidney showed rat er 
nephrosclerosis, and the heart showed marked hypertrophy with prominent mv 
ment of the left ventricle. 


In none of the cases in which there was a history of trauma wa^ 
there evident disease of the cerebral vessels. The initial hemorr ag^ 
was undoubtedly due to the direct trauma. The presentation o 
7 cases of traumatic hemorrhage into the internal capsule s ou 
attention to the possibility that lesions in this region, 


as 


the focus for spontaneous hemorrhage only, may occur as the re 
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of trauma. In the present day, when trauma pla3-s such an important 
role in our routine lives, this realization is of importance to avoid 
occasional dislocation of justice. In all the cases represented hemor- 
rhage with trauma was the obvious mechanism, yet the findings sim- 
ulated those of spontaneous apoplex3\ Variations from petechiae to 
bulk3' blood clots are represented. It should be stressed that such 
hemorrhages ma3' occur with and without the skull fracture. Courville 
and Blomquist have discussed the location of this form of hemorrhage 
throughout the brain and in the basal ganglions limited to the lenticular 
nucleus and the external capsule. No group of cases of traumatic 
hemorrhages localized in the internal capsule at autopsy has been found 
in the literature. 

Discussion of the mechanism involved in the concept of such blowout 
hemorrhages is being reserved for a future presentation, with the inclu- 
sion of some experimental data. The causation of concussion or blowout 
hemorrhages, of which the cases presented are merety larger variants, 
has been studied b3' numerous authors.® Let it suffice here to state that 
concussion or blowout hemorrhages are identical in the internal capsule, 
whether small or large, with the ordinar3’- concussion or blowout hemor- 
rhages seen so often in the pons or elsewhere in the white matter in 
cases of trauma of the brain. We do not wish to enter into the contro- 
versy as to the relation of such focal and petechial hemorrhages to the 
s 3 'ndrome of concussion. We merety wish to imply that in some cases 
of head trauma such multiple focal hemorrhages occur. This does 
not deny the existence of the syndrome of concussion without the 
existence of such hemorrhagic lesions. For this purpose the descriptive 
term blowout hemorrhages is distinctl3' preferable. 

Whether smaller focal areas of hemorrhage of this sort might be 
the site of subsequent spontaneous apoplexy is an open question. The 
accepted propensity of massive hemorrhage to occur in focal areas of 

6. Duret, H. : Traumatistnes cranio-ceraraux. .Occidents primitifs, leurs 
grands sj’ndromes, Paris, Felix Alcan, 1923, vol. 3, pt. 2, p. SSo. Eicker, G. : 
Die Entstehung der pathologisch-anatomischen Befunde noch Himerschutterung 
in .A.bhangigkeit vom Gefassnervensj-stem des Hirnes, ^■ircho\vs Arch. f. path. 
Anat. 226:180, 1919. Schaller, W. F.; Taniaki, K., and Newman, H. : The 
Nature and Significance of Multiple Petechial Hemorrhages .-Associated with 
Trauma of Brain. Arch. Neurol. & Psychiat. 37:1048 (May) 1937. Dietrich, A.: 
Entstehung der Ringblutungen des Gehims, Ztschr. f. d. ges. Neurol, u. Psychiat. 
68:351, 1921. Dahl, B. ; Pathologisch-anatomische und experimentelle Untcr- 
suchungen fiber die sogenannte Duret-Bernerschen Blutungen, mit besonderer 
Berficksichtigung ihrer gerichtlich-medizinischen Bcdeutung und ihrer Beziehungen 
zur Commotio cerebri, Deutsche Ztschr. f. d. ges. gerichtl. Med. 29:366, 1938. 
Cassasa, C. B. : Multiple Traumatic Cerebral Hemorrhages, Proc. New York 
Path. Soc. 24:101. 1924. Martland, H. S.. and Beling. C. C. : Traumatic Cere- 
bral Hemorrhage, .-Arch. Neurol. & Psychiat. 22:1001 (Nov.) 1929. Courville 
und Blomquist.^ 
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old softening or licinorrhagc does give significance to traumatic lesions 
of the internal capsule too small to contribute to the symptom picture 
at the time of injury. A theoretic basis is thus offered for the delayed 
contribution by trauma to the causation of a second and much rarer 
form of Spalapoplcxic. Injuries without immediate major evidence of 
bleeding into the internal capsule thus can be of some importance. It 
must be emphasized that although this form of Spafapoplexie seems 
to be frequently discussed in the literature it is distinctly rare in our 
own experience. It is as yet based on little demonstrative evddence and 
lacks full confirmation. 

CONCLUSIONS 

Traumatic hemorrhages of considerable size can involve the internal 
capsule. Seven cases are presented. 

Such hemorrhages may be confused with spontaneous cerebral 
hemorrhage on the basis of their location. 

The histor}', circumstances of injury, . analysis of associated brain 
and skull trauma and basic vascular and other lesions established 
by a complete autops}' procedure are essential for the proper analysis 
and understanding of hemorrhages occurring in this location as else- 
where in the brain surface. 

It is suggested that such hemorrhages are variations of the ordinary 
concussion or blowout hemorrhages with an identical causal mechanism. 

Dr. Richard Grimes, Assistant Medical Examiner, allowed us to study much 
of the material used in this paper. 

82-68 One Hundred and Sixty-Fourth Street. 
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In recent years a great deal of emphasis has been placed on the 
preoperative and tlie postoperative care of surgical patients ^ with the 
hope of further reducing the mortality rate. With such a major surgical 
procedure as gastric resection, pulmonary complications (atelectasis, 
pulmonarj- edema and bronchopneumonia) play an important role. With 
the improvements in operative technic and anesthesia these conditions 
now account for a large percentage of the postoperative complications 
that still exist. With the advent of the use of sulfonamide compounds 
the mortality rate will probabl)" be further reduced, but it has always 
been the hope that pulmonary complications could be prevented and 
that the added risk to the patient and the need for treatment could there- 
fore be eliminated. 

The removal of mucus by intratracheal aspiration, = hyperventilation 
of the lungs ^ and careful application of adhesive tape and abdominal 
binders ^ to prevent restriction of the thoracic cage have all contributed 
to more efficient postoperative care. It is believed, moreover, that by 
employment of gastric suction ileus may be avoided and thus the 
diaphragm will have more freedom of motion and aerate the lungs more • 

This study was aided by a grant from the John and Alary R. Markle Foundation. 

From the Departments of Surgery and Biochemistiy, Western Resen-e Uni- 
versitj' School of Medicine. 
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2. Jackson, C., and Lee, W. E. : Acute Massive Collapse of Lungs, Ann. Surg. 
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3. Lahey, F. H. : Management of Some Complications Following Abdominal 
Operations,}. A. M. A. 89:1735-1738 (Nov. 19) 1927. 

4. Eliason, E. L., and McLaughlin, C. : Postoperative Pulmonaiy Complica- 
tions, Surg., Gynec. & Obst. 55:716-727, 1932. 
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cfJiciently. J'tirtlicniujrc, it has hccn stated that the type of anesthesia 
employed (inhalation, s])inal or local) apparently does not alter the 
incidence of j)uInionary complications appreciably hut that tlie duration 
of the anesthesia is of considcrahle importance.' 

Nutritional disorders have been carefully studied, and it has been 
generally accepted that j)ulmonary comjilications occur more frequently 
in elderly malnourished patients than in others.'"' At the University 
Hospitals of Cle\'eland it was found that the mortalit}' rate associated 
with gastric resection fairly well paralleled the magnitude of the loss 
of weight in patients with chronic peptic ulcer." It was noted also that 
patients who showed moderate anemia on admission to the hospital and 
were given 1,000 to 2,000 cc. of whole blood prior to operation often did 
much better than patients who had normal blood values on admission 
and did not receive transfusions because it was assumed that they were 
not necessary. Hence, this has led us to believe that often a decrease 
in the plasma volume associated with chronic dehy'dration masks anemia 
and hy'poproteinemia. In further support of this it was observed that 
in many instances patients who were admitted because of a gastric 
lesion had hematocrit values and protein concentrations near normal on 
admission but had profound drops in these levels after operation without 
evidence of bleeding, apparently^ due to hemodilution. 

In a recent publication by Walters, Gray and Priestley ® on carcinoma 
of the stomach it was stated that malnutrition may be severe and a nega- 
tive nitrogen balance may’’ exist in such cases but that the depletion of 
the plasma protein does not often reach levels which are clinically 
important. Furthermore, it -was stated that the degree of anemia more 
or less indicates the duration of the tumor. 

This study^ was undertaken to demonstrate in an unselected group o 
patients with carcinoma of the gastrointestinal tract or pyloric stenosis 
due to ujd^r ( 1 ) that a protein-deficient state may' exist and the plasma 
proteiiT^concentration may be an unreliable index of the extent of the 
deficiency and (2) that in addition to acute dehy’dration (primal ily due 
to vomiting) chronic dehy’dration (principally’ due to a prolonged inace 
quate fluid intake) may’ occur and that the hematocrit value, the plasma 
protein concentration, the hemoglobin content and the plasma ch on e 
level may’ not be of value in estimating the magnitude of this prolongec 
loss of body’ water. 

5. Judd, E. P. : Early Postoperative Complications in Four Hundred and tuft 
Consecutive Inguinal Herniorrhaphies, Bull. Nat. A. Nurse Anesthetists .-i> 

1937. Eliason and McLaughlin.-* 

6. "yValters, W. ; Gray, H. K., and Priestley, J. T.: Carcinoma ■'‘"‘I 

Malignant Lesions of the Stomach, Philadelphia, W. B. Saunders Coinpanj , -■ 

7. Studley, H. O.: Percentage of Weight Loss; A Basic Lidicator of 
Risk in Patients with Chronic Peptic Ulcer, J. A. A. 106:458-460 (Fe . ) 
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METUODS 

The plasma volume was measured by the Evans’ blue dye (T-1S24)® method 
as described by Gregersen and Stewart ^ and modified by Gibson and Evelyn for 
the photoelectric colorimeter. The c.xpcctcd normal plasma volume was calculated 
from tlie body surface arca.’i and it may be stated tliat since these patients had 
lost from 10 to 50 pounds (4.5 to 22.7 Kg.) of weight sucli estimated values would 
err on tlie side of being too low.’- The hematocrit value was determined in 
duplicate on heparinized blood without dilution by employing Van Allen cell volume 
tubes, and the plasma protein concentration was for the most part obtained bj' 
the micro-Kjcldahl technic. Occasionally the falling drop method as described by 
Barbour and Hamilton ’■* was cmplo\‘cd. The value for total circulating plasma 
proteins was calculated by multiplying the plasma volume in cubic centimeters b\’ 
the protein concentration per cubic centimeter. A plasma protein concentration 
of 7 Gm. per hundred aibic centimeters was considered as an arbitrarj’ normal 
value, and by multiplying that figure b\' the expected plasma volume and dh-iding 
bj' 100, the expected normal value for total circulating plasma proteins was 
determined. 

RESULTS 

The findings are recorded in table 1. In each instance (except for 
patients 4 and 9) there was a diminished plasma volume. Patients 
4 and 9 had moderate anemia on admission to the hospital and received 
between 1,200 and 2,200 cc. of blood prior to the time our studies were 
performed. Both of these patients underwent strenuous surgical pro- 
cedures and had uneventful convalescences. 

8. Supplied by the Warner Institute for Therapeutic Research, New York. 

9. Gregersen, M. I., and Stewart, J. D. : Simultaneous Determinations of 
Plasma Volume with T-1S24 and “Available Fluid’’ Volume with Sodium Thio- 
cyanate, Am. J. Physiol. 125:142-152, 1939. 

10. Gibson, J. G., and Evebm, K. : Clinical Studies of the Blood Volume : IV. 
Adaptation of the Methods to the Photoelectric Microcolorimeter, J. Clin. Investi- 
gation 17:153-158, 1938. 

11. Gibson, J. G., Jr., and Evans, W. A., Jr.: Clinical Studies of Blood Volume: 
Clinical Application of Method Employing Azo Dye “Evans Blue” and Spectro- 
photometer, J. Clin. Investigation 16:301-316, 1937. 

12. For example, the expected normal plasma volume for patient 8 (table 1), 
calculated on the basis of weight (57 Kg.) and height (166 cm.) at the time of 
the studj-, was 2,600 cc. Prior to his illness the patient weighed 75 Kg., and with 
the height unchanged the estimated plasma volume was 2,950 cc. Thus the obser\-ed 
plasma volume (2,140 cc.) would be 73 per cent rather than 82 per cent of normal. 
In addition, the expected normal value for total circulating plasma proteins would 
be 206 instead of 183 Gm. 

13. Van Allen, C. M.: --^n Hematocrit Method, abstracted, J. A. il. A. 84: 
202-203 (Jan. 17) 1925. 

14. Barbour, H. G., and Hamilton, W. F.: The Falling Drop Method for 
Determining Specific GraHtv: Clinical Applications, J. A. M. A. 88:91-94 (Jan. 8) 
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Patient 1 was a man who appeared in moderately good condition on 
admission to the hospital but gave a history of a loss of 20 pounds 
(9 Kg.) in weight, occasional episodes of nausea and vomiting and 
anorexia for three and one-half months. His plasma chloride level was 
102 milliequivalents per liter at the time our studies were done. His 
plasma volume was 66 per cent of his e.xpected normal volume, and 
although the protein concentration (6.40 Gm. per hundred cubic centi- 
meters) appeared to be near the normal range, the value for total 


Table 1 . — Values for Plasma Volume and Total Circulatiug Plasma Proteins 
of Siirgieal Patients vnth Malnutrition 


a 

Pi Diagnosis 

1 Carcinoma al stomacb 

2 Carcinoma ot stomacb 

3 Carcinoma of stomach with ex- 

tension to esophagus 

4 Carcinoma of stomach 

5 Carcinoma of stomach 

6 Pyloric stenosis due to ulcer...... 

7 Pyloric stenosis duo to ulcer 

8 Pyloric stenosis due to ulcer 

9 Corclnoma of sigmoid fle.xuro 

■with obstruction 

10 Carcinoma of transverse colon. .. 

11 Malnutrition; hemorrhage Into 

large ovarian cyst 

12 Carcinoma of pancreas; malnu- 

trition; edema 

13 Malnutrition; edema 

14 Carcinoma of stomach 


Measured Plasma 
Volume, Cc. 

Expected Plasma 
Volume, Cc.* 

Plasma Volume, Pei 
centago of Normal 

Hematocrit Value 

Plasmo Protein 
Concentration, Gm. 
per 100 Cc. 

1,540 

2,600 

60 

47 

6.40 

1,990 

2,690 

74 

38 

6.85 

1,870 

2,900 

64 

41 

6.40 

2,900 

2,930 

98 

44 

0.05 

2,100 

2,710 

77 

44 

6.40 

1,480 

2,040 

73 

37 

6.15 

2,000 

2,760 

94 

40 

6.44 

2,140 

2,000 

82 

40 

6.92 

2,030 

2,370 

80 

37 

0.22 

3,700 

8,040 

122 

42 

7.40 

2,490 

2,780 

90 

42 

0.48 

2,330 

2,770 

84 

33 

6.06 

2,660 

2,830 

94 

42 

6.30 

2,350 

2,460 

95 

43 

6.03 




•gPig 




5 9 Pc 


.aS^BPiO 

w'Sa Oap. 

OC- O ■ 

pf; o 
WOPh 


91 


78 

05 

92 

83 

78 

85 

89 


93 

72 

70 

80 


105 
110 • 

102 

193 

ISO 

91 

142 

127 


118 

141 

142, 


175 

188 

203 

205 

190 

143 

193 

183 


194 

198 

172 


CO 

C2 


£0 

94 

72 
04 

73 
69 


127 165 77 

276 213 129 

101 195 83 


01 

71 

83 


• Calculated from body surface area. 


circulating proteins was 60 per cent of the expected normal. It is J 
that most of the dehydration was a result of a prolonged dimmis e 
intake rather than of an extensive loss of fluids by vomiting. J ^ 
assumed that the observed plasma volume could be restored to ^ 
expected volume by the addition of physiologic solution o so i ^ 
chloride and the total circulating proteins remain at 105 Gm., the pro 
concentration would then fall to 4.20 Gm. (105.0/25). A 
situation apparently occurred in patients 6 and / postoperative y, 
because of the injudicious use of physiologic solution of sodium c i 
In patient 6 by the fourth postoperative day the plasma protein 
centration was 4.64 Gm. per hundred cubic centimeters, an genera 
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edema was present. The intake of sodium chloride was restricted, and 
mercupurin and two transfusions of plasma were given. The edema 
disappeared, and tlic protein concentration returned to a normal level. 
This patient had a plasma chloride level of S9 milliequivalents per liter 
shortl}- after admission to the hospital. While physiologic solution of 
sodium chloride was indicated for the hydration of this patient and the 
plasma protein concentration (6.15 Gm. per hundred cubic centimeters) 
was well above the so-called edema level, a restoration of the plasma 
volume to the expected normal in the presence of an amount of total 
circulating proteins 64 per cait of normal would result in a precipitous 
fall in the plasma protein concentration to 4.45 Gm. per hundred cubic 
centimeters (91 X 100/2,040). 

Patient 7 was moderately dehydrated on admission to the hospital, 
largely because of inadequate intake of food and water and occasional 
vomiting. At this time the hematocrit value was 46 and the plasma pro- 
tein concentration 6.95 Gm. per hundred cubic centimeters. The patient 
was given 3,000 cc. of 5 per cent dextrose in physiologic solution of 
sodium chloride intravenously for tliree days, and our studies were then 
made the night prior to operation. The plasma volume had apparently 
been restored to near normal by the administration of water and electro- 
lytes, but at the same time the hematocrit value and the plasma protein 
concentration were lower because of dilution. The patient was operated 
on the next day and given 400 cc. of plasma and 3,000 cc. of 5 per cent 
dextrose in physiologic solution of sodium chloride. On the morning 
of the first postoperative day he was given 2,000 cc. of 5 per cent dextrose 
in physiologic solution of sodium chloride. By noon he had a plasma 
protein concentration of 5 Gm. per hundred cubic centimeters. Fairly 
profuse pulmonary edema also had developed, and later atelectasis and 
bronchopneumonia. At this time it was thought advisable to give a 
transfusion of blood or plasma and to discontinue the administration of 
physiologic solution of sodium chloride until the protein level was 
restored. The patient eventually recovered, but it seems likely that the 
pulmonary complications might have been avoided. Studies were 
repeated one month after the operation. At this time the plasma volume 
had risen to 2,920 cc. and the protein concentration to 6.78 Gm. per 
hundred cubic centimeters. The amount of total circulating plasma pro- 
teins (198 Gm.) compared favorably with the expected normal, which 
had been calculated prior to the operation. 

Patient 8 had total circulating proteins similar in per cent of normal 
to those of patient 7. This patient was given more plasma and whole 
blood than the preceding patient, and physiologic solution of sodium 
chloride was restricted to 900 to 1,000 cc. daily during the immediate 
postoperative period. The temperature show ed onl 3 ’’ a slight elevation 
and then returned to normal while the patient was going through an 
entirel}' uncomplicated convalescence. 
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Patient 12 is of interest from the standpoint of therapy. He was a 
60 year old man admitted to the hospital because of jaundice. At opera- 
tion he was found to have carcinoma of the head of the pancreas, and 
therefore cholecystogastrostomy was performed. Postoperatively his 
convalescence was complicated by pneumonia and disruption of the 
wound. Pie had lost 15 pounds (7 Kg.) prior to his admission 
to the hospital and because of the prolonged conA^alescence had con- 
tinued to lose weight. The patient was seen by us apprgximately two 
months after the operation, and studies of plasma volume were made 
(table 1). At this time he had generalized nutritional edema which 
had failed to respond to diuretics and transfusions of plasma. He took 
in a meager diet orally and was in negative nitrogen balance (5 to 8 Gm. 
daily). Since this patient was metabolizing 40 to 60 Gm. of his own 
body proteins dail}', it was thought that he 'should have an intake of 
60 to 75 Gm. of protein a day plus adequate calories. He was therefore 
given intravenously 15 per cent amino acids mixed with 10 per cent 
dextrose. In three days he was free of edema, although his plasma 
protein concentration had fallen to 4.70 Gm. per hundred cubic centi- 
meters, apparently owing to dilution. The patient was given 60 Gm. 
of amino acids and 200 to 300 Gm. of dextrose intravenously for ten of 
the next twelve days. 

During this time his entire caloric intake was derived solely from 
intravenous therap)'’ and he was maintained in positive nitrogen balance. 
At the end of this time studies of plasma volume were repeated an 
showed an increase of 600 cc. The protein concentration was 5.10 Gm. 
By comparison with the original level of 5.06 Gm. this seemed to indic^e 
no improvement, but actually the total circulating proteins increased y 
26 per cent (31 Gm.) owing to the increased plasma volume.^ le 
patient's appetite greatly improved, and he was able to maintain us 
•caloric intake orally until the time of discharge from the hospita , ^vo 
weeks later. The protein concentration at this time was above ui 
per hundred cubic centimeters. _ ‘ . 

Patient 13 was a psychiatric patient who had been admitted to e 
hospital largely for study. While he was in the hospital, it was oun 
that he had benign prostatic hypertrophy with urinary retention. 
Urethral drainage was instituted, and shortly thereafter 
developed. Because of the complications the patient s caloric m a 
had been inadequate, and marked nutritional edema developed.^ 
showed a daily urinary output of nitrogen of 7 to 9 Gm. with an inta 
of only 2 or 3 Gm. He was given no further feedings for twe ve ay^ 
and was maintained in slightly positive nitrogen balance by 
administration of amino acids and dextrose. The protein concentra i 

15. Fifteen per cent amino acids supplied by Frederick Stearns & Co., D 



ABBOrr-MELLORS-ClRCVLATIKG PLASMA PROTEIXS 283 


rose from 5.30 to G.43 Gm. per lumdrcd cubic centimeters, and although 
this seemed to indicate a ratlicr pronounced increase (by comparison 
Avith tile concentration in tlie preceding patient), his plasma volume 
showed a slight decrease. Thus the total circulating proteins had 
increased by 20 per cent. In this patient, as in the preceding one, 
diuresis occurrerl shortly after the amino acids and 10 per cent dextrose 
were given. At the time therapy was discontinued, the patient was 
free of edema and able to take an adequate oral diet. It has been thought 
that the diuretic action was obtained largely from the conversion of amino 
acids into urca\'S0 to 90 jier cent of the total nitrogen in the urine in 
these cases is made uj) of urea nitrogen). Little information could be 


T.-mile 2. — Fluid Mauagciiicnt in a Cast: of Bleeding Peptie Uleer 
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Parenteral Intake. Cc. 




Protein 







Hemato- 

Concentra- 



Intrn- 

Subcu- 

Oral 

Total 

crit 

tion, Gm. 


Date 

venous 

taneous • 

Intake 

Output 
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per ICO Cc. 

10/23. 


950 


1,070 

3,200 

. . 

4.52 

10/23: 

1 p. m 



400 

coo 

19 

4.10 


10 p. m. (operation). 

2,000 





17 

3,9S 



(blood) 






lO/SO; 


'2 450 




33 

5.44 


(blood) 







9 a. m 

450 



2,235 

32 

3.20 



(5~o dextrose) 












34 

5J1 

10/31. 


. CoO 

2,COO 


550 

33 

5.52 



(plasma) 






11/1. 


1,000 

3,000 


1,200 

39 

6.E0 



(5vc dextrose) 






11/ 2. 


2,000 


90 

2,400 

.. 

.... 

11/ 3. 



1,500 

550 

1,300 

30 

5.72 

11/14. 




2,300 

900 

37 

5.73 


* Pive per cent dextrose in physiologic solution of sodium chloride. 


gained as to the efficacy of parenteral amino acid therapy by following 
only the plasma protein concentration. As has been demonstrated in the 
case of patient 12, a 26 per cent increase occurred in the total circulating 
plasma protein level when the plasma protein concentration remained 
the same and the hematocrit value showed a slight increase. An accurate 
evaluation of such therapy could be obtained only by making studies of 
nitrogen balance and determinations of plasma "v olume. Patients a and 6 
in this series were also treated with intravenous injections of ammo acids, 
and positive nitrogen balance was maintained, but the treatment was 
continued only until a 12 per cent increase in the total circulating proteins 
was obtained. 

It has also been observed at this hospital that the mortality' rate 
associated with surgical intervention in cases in which medical treatment 
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of an active bleeding ulcer was unsuccessful is high. Pulmonary com- 
plications in two to five days account for most of the deaths. Here again 
it was found that many of these patients were receiving only 700 to 
1,000 cc. of blood at the time of operation and then large quantities of 
physiologic solution of sodium chloride. The plasma protein concentra- 
tions were uniformly low. In table 2 the results are shown for a 55 year 
old patient who had repeated gastric hemorrhages. The hematocrit value 
was 17 ; the plasma protein concentration was 3.98 Gm. per hundred 
cubic centimeters, and the systolic blood pressure was 50 when gastric 
resection was undertaken. The patient was given 4,450 cc. of blood 
and 350 cc. of plasma during the first forty-eight hours postoperatively 
and 1,800 cc. of ph 3 fsioIogic solution of sodium chloride and 1,250 cc. 
of 5 per cent dextrose. His convalescence was entirely uneventful, and 
he was discharged fifteen da)’^s after operation. 

COMMENT 

From the cases presented in table 1 it can be seen that in patients 
who have shown a moderate loss of weight and a diminished intake of 
food and fluid severe dehydration may exist even though vomiting has 
not occurred or has been minimal. Also evidence has been given that 
normal hematocrit values (red blood cell counts and hemoglobin con- 
centrations) and plasma protein concentrations may be obtained when 
dehydration is accompanied by malnutrition. 

It should be kept in mind that patients who have diminished total 
circulating plasma proteins are likely to have in addition a deficit m 
tissue proteins in the liver and other organs. This is in keeping with 
the fact that a negative nitrogen balance exists. Any replacement 
therapy should be employed, therefore, with the purpose of restoring 
the entire protein deficit of the body and supplying adequate calories 
so that the body will no longer deriA^e energy from the breakdown of its 
OAvn tissues. 

In recent years much has appeared in the literature concerning t e 
role of hypoproteinemia in patients with Avound dehiscence. 
protein synthesis occurs at the site of a healing Avound and the amino 
acids are the structural units of tissue proteins, it is reasonable to be leve 
that the availability of the needed amino acids is of primary importance. 
Thus it Avould appear more logical to associate Avound disruption ^yl i 
the presence and the extent of negative nitrogen balance (catabolism 
body proteins) rather than solely with the concentration of p ^sm 

16. Whipple, A. O.r Address of President: Critical Latent or Lag A" 

Healing of Wounds, Ann. Surg. 112:481-488, 1940. Hartzell, J. -.unund 
J. M., and Irvin, J, L, : Plasma Vitamin C and Serum Protein Le\c s in 
Disruption, J. A. M. A. 116:669-674 CFeb. 22) 1941. 
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protein. For c.\ainplc, the wound of patient 12 disrupted when the 
concentration of protein was above 6 Gm. per hundred cubic centimeters 
and the catabolic process .was probably at its maximum. Later several 
persistent decubiti healed rapidly and a severe lesion of the mouth healed 
when the plasma protein concentration was around 5 Gm. per hundred 
cubic centimeters and the body was receiving adequate calories and 
proteins so that a relatively normal anabolic process existed. This rapid 
healing has also been noted in treating similar patients by repeated 
transfusions of plasma. 

Patients with malnutrition should receive from 50 to SO Gm. of 
nutritionally adequate protein daih' and sufficient total calories to protect 
this. It is naturall}' important that when fluids must be administered 
parenterally dextrose be given in adequate amounts so that proteins will 
not be metabolized solely for body energ\' but rather be spared so that 
the constituent amino acids may enter into the S3-nthesis of other tissue 
proteins. Since it is impractical to administer 1,000 cc. of plasma daih' 
(containing approximate!}' 70 Gm. of protein), a preparation containing 
amino acids more or less in the proportion in which they occur in a 
biologically complete protein (for example hydrolysate of casein) would 
seem to be a likely substitute. At the University Hospitals of Cleveland 
such a product has been employed without any apparent ill effects. 
Patients have been maintained in positive nitrogen balance when their 
sole source of nitrogen has been 15 per cent amino acids given intra- 
venously. The only difficulty encountered has been in supplying ade- 
quate amounts of dextrose along witli the amino acids. Such a procedure 
is not difficult for two or three days, but when 10 per cent dextrose is 
employed to increase tlie caloric intake thrombosis of veins frequently 
occurs after twenty-four to seventy-two hours. Intrasternal injections 
as employed by Tocantins might offer a solution to this problem.’^'” 
Naturally oral feedings or orojejunal tube feedings would be the most 
physiologic and desirable metliod, but these were possible for only a few 
of the patients presented. Furthermore, supplementary intravenous 
therapy is frequently advantageous for patients with restricted oral 
feedings. 

Certain rules,^® employing the plasma chloride concentration, have 
been advocated to guide the clinician in treating patients who are 

17. Tocantins, L. M., and O’Neill, J. F.: Infusion of Blood and Other Fluids 
into the Circulation Via the Bone Marrow: Technic and Results, Surg., G 3 'nec. 

& Obst. 73:281-287, 1941. 

17a. Since acceptance of this paper intrasternal administration of amino acids 
has been carried out on 1 patient with satisfactory' results. 

18. Stengel, A., Jr., and Ravdin, I. S. : The Maintenance of Nutrition in 
Surgical Patients with a Description of the Orojejunal Method of Feeding, Surgery 
6:511-519, 1939. 

19. Coller, F. A., and Maddock, W. G.: Water and Electrolyte Balance, Surg., 
Gynec. & Obst. 70:340-354, 1940. 
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dehydrated. Such methods would naturally be of great advantage if 
practical ; often however, the}’^ give the physician a false sense of security. 
For example, a low plasma chloride level may occur with dehydration, 
but it alone gives one no idea as to how much physiologic solution of 
sodium chloride can be safely administered. As already pointed out, the 
total circulating plasma proteins would be the onl}'^ index of the amount 
which could be safely tolerated. Coller and Haddock pointed out 
that the thoughtless use of physiologic solution of sodium chloride is 
definitely harmful, especially to the sick surgical patient. From experi- 
mental work on animals and from clinical observations, it is believed 
that a state of deh)''dration may frequently occur which is not quantita- 
tively demonstrable by the plasma chloride level, the hematocrit value 
or the plasma protein concentration. On the other hand, it is known 
also that if the fluid lost has the same electrolyte pattern (quantitatively 
and osmotically) as plasma the concentrations of sodium and chloride 
in the plasma may be normal when the body is in great need of 
physiologic solution of sodium chloride. 

As Mclver and Gamble-^ stated in 1928: 

. . . Hepatic duct bile and fluid derived from the intestinal mucosa contain 
approximately the same amount of fixed base and chloride ion as does plasma. 
Loss of this fluid will cause a reduction of the volume of the blood plasma and 
of interstitial fluid but should not alter the plasma chloride (or bicarbonate) con- 
centrations. 


Thus they concluded that: 

. . . A point of great practical importance to be derived from this is that it is 
entirely incorrect to regard the plasma chloride concentration as an index of the 
degree of deh 3 'dration and of the extent to which replacement by salt solution is 
required. 

Gamble and Ross in 1925 brought out the fact that the loss of 
sodium rather than of the chloride ion is the significant factor in 
mining the extent of dehydration, since quantitatively sodium is the c le 
cation of the extracellulat fluid and since the loss of chloride ion 
compensated for by a corresponding increase in bicarbonate. 

Data from our laboratory showed that animals which were no 
given food and water by mouth for three to seven days showed p asm 


20. (a) Mellors, R. C; Muntwyler, E.; Mautz, F. R., and Abbott, W. 
Changes of the Plasma Volume and '‘Available (Thiocyanate) ^ 

mental Dehydration, J. Biol. Chem. 144:785-793 (Aug.) 1942. (&) ° aHons in 

Mellors, R. C, and MunUvyler, E. : Fluid, Protein and Electrolyte Alter 
Experimental Intestinal Obstruction, Ann. Surg. 117:39-51 (Jan.) ■ j. 

21. Mclver, M. A., and Gamble, J. L.: Body Fluid Changes Due to upi 

Intestinal Obstruction, J. A. M- A. 91:1589-1592 (Nov. 24) 19 . T 7 «iw*ing 

22. Gamble, J. L., and Ross, S. G.: The Factors in Dehydratmn FolJo^vmg 

Pj'loric Obstruction, J. Clin. Investigation 1:403-421, 1925. 
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volumes decreased by 15 to 30 per cent and still had plasma chloride 
levels of 110 to 120 milliequivalcnts per liter. 

The hematocrit values and the protein concentrations in certain cases 
may he within the normal range when the total circulating red blood 
cells or the total amount of plasma protein is greatly decreased (table 1). 
It has been pointed out b}- Scudder that the hematocrit value might be 
confusing in cases of dehydration because of anemia, hut little has been 
said about the total circulating amount of plasma protein or the protein 
concentration. In 1927, however, Peters -* did state that conditions that 
cause malnutrition frequently lead also to dehydration, and the latter by 
producing hemoconcentration may mask the reduction in the plasma 
protein level. In this article he also stated that the plasma protein 
concentration of a patient with carcinoma of the stomach fell from 5.87 
to 4.69 Gm. per hundred cubic centimeters after the administration of a 
solution of sodium chloride. Because of the chronic course of patients with 
carcinoma of the stomach or the esophagus or with pyloric stenosis due 
to ulcer and of some with intestinal obstruction, the effects of malnutri- 
tion and dehydration are frequently underestimated. It would therefore 
seem that, while serial hematocrit and protein determinations are of 
value, more thought and attention should be given the total circulating 
levels. 

In the aforementioned patients and in appro.ximately 15 other such 
patients a marked difference was noted in the convalescent period 
behveen those who were treated carefully with plasma, blood and 
physiologic solution of sodium chloride and those who were given fluids 
and transfusions without the same consideration. In almost every 
instance an uncomplicated postoperative course was experienced when 
careful studies of fluid balance were carried out. 

It is apparent that this series of cases is not large, but from these 
and from other cases which have been followed the conclusions seem 
justified. 

SUMMARY 

From the cases presented it is e-vident that the hematocrit value and 
the plasma protein concentration may be near normal er en n hen a rela- 
tively large deficit in the total number of red blood cells or the total 
circulating plasma protein exists. Thus, dehr dration mar’’ be severe 
when a normal hematocrit value, plasma chloride level or protein con- 

23. Scudder. T.: Shock: Blood Studies as a Guide to Therapy, Philadelphia, 
J. B. Lippincott Company, 1940. 

24. Peters, T. P.; Wakeman, A. M.. and Eisenman, A. J. : The Plasma Proteins 
in Relation to Blood Hydration : III. The Plasma Proteins in Malnutrition, T. Clin. 
Investigation 3:491-493, 1927. 
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ccnlralion is present, and hence these determinations are of limited 
usefulness and may even he confusing, especially if serial levels are not 
obtained. 

The use of large amounts of physiologic solution of sodium chloride 
(2,500 to 7,000 cc.) postoperatively in malnourished patients to counter- 
act or pre^'ent dehydration may provoke serious complications (pul- 
monary edema, atelectasis and bronchopneumonia). 

The total circulating plasma proteins frequently fall to a level of 
clinical importance (from 6 to 50 per cent below normal in the scries 
of patients presented). Several observations would seem to indicate 
that dehiscence or healing of wounds would bear a much closer relation 
to catabolism or anabolism of proteins than to the concentration of pro- 
teins in the plasma. 

In the treatment of such conditions it seems desirable to replenish 
not only the plasma proteins but also the tissue proteins. If adequate 
calorics cannot be consumed orally, intravenous or intrastcrnal alimenta- 
tion should be resorted to. 

Amino acids can be employed parcntcrally as the only source of 
nitrogen to maintain positive nitrogen balance, and when adequate 
amounts are given along with sufficient calorics, an increase in the total 
circulating plasma proteins can be obtained. 

Western Reserve University School of Medicine, 

Poliomyelitis Labomtory, Johns Hopkins University. 



AN ANATOiMIC STUDY OF VENOUS \’ARIATIONS 
AT THE FOSSA OVALIS 

THE SIGXIFICAXCE OF RECURREXCES FOLLOWIXG LIGATIOXS 
S. THOMAS GLASSER, M.D. 

NEW YORK 

Although this paper primarily concerns itself with the r'anations of 
the tributaries of the vena saphena magna at the saphenofemoral junc- 
tion, the obvious application of this research to ligation of veins and 
to recurrences after treatment of varicose veins is apparent. The 
unequivocal value of high ligation is established. The popularity of this 
procedure and its widespread use, particularly by surgeons unfamiliar 
with the field of vascular surger}', account for the not uncommon 
failures and recurrences. A lack of knowledge of the anatomy of the 
venous drainage of the lower extremity is probably the greatest single 
cause of poor results. In view of the exploratorj' nature of the opera- 
tions required because of common variations, it would not be amiss at 
this point to emphasize the fact that ligation of the saphenous vein 
is not an office procedure. 

The material in this communication is based on the dissection in the 
fossa ovalis region of 100 lower extremities (50 cadavers).^ The great 
number of variations should not be considered unusual, because it is 
known that venous patterns throughout the body are generally incon- 
stant. Numerous variations have also been observ^ed wherever an open- 
ing similar to the fossa ovalis is present — note the abnormalities in the 
popliteal and other similar regions. The striking finding in these dissec- 
tions was the frequent occurrence of accessory saphenous and prominent 
lateral superficial femoral veins. This is decidedly at variance with the 
usual textbook picture depicting these as small, multiple veins draining 
into the vena saphena magna far below the fossa ovalis." This venous 

From the Department of Anatomy and Surgerj', New York Medical College, 
Flower and Fifth Avenue Hospitals and ^letropolitan Hospital. 

1. Glasser, S. T. : Variations of the Tributaries of the Saphena Magna at 
the Sapheno-Femoral Junction: Abstract of Demonstration, Anat. Rec. 82:93 
(March 25) 1942. 

2. (a) Piersol, G. A.: Human Anatomj', ed. 4, Philadelphia, J. B. Lippincott 
Company, 1913, pp. 916-917. (6) Spalteholz, H. IV. : Atlas of Human Anatomy, 
edited by L. F. Barker, ed. 4, Philadelphia, J. B. Lippincott Company, 1923, vol. 2. 
(c) Gray, H.; Anatomy of the Human Body, edited by W. H. Lem's, ed. 22, 
Philadelphia, Lea & Febiger, 1930, pp. 734-735. (d) Deaver, J. B.: Surgical 
Anatomy, Philadelphia, P. Blakiston’s Son & Co., 1903, vol. 3, p. 557. (c) Quain, 
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Fig. l.—A, Average “textbook” diagram of venous drainage J 
Incidence 37 per cent. B, Multiple divisions of the medial a" superficial 

veins of small caliber. Incidence 6 per cent. C. The arge 
femoral vein drains into the fossa ovalis. The inconstant or j^cidence 

drains into the vena saphena magna instead of into t le emora , ^ejn 

2 per cent. D. The lateral superficial femoral and the accesso 7 P 
drain into the fossa ovalis. Incidence 2 per cent. revia ygin ; 

in the following illustrations are as follows : /, superficia - 

E, superficial epigastric vein; P, superficial external pu en a . 
superficial femoral vein; MF, medial superficial femora thoraco- 

saphenous vein ; SS, double saphenous vein ; S, vena sap lena m > 
epigastric vein; F, femoral vein. 

J.: Elements of Anatomy, ed. 9, London, Longman^ Green edilcd 

S19-S20. m Cunningham, D. J.: Cunningham's Teat Booh of 

by J. C. Brash and E. B. Jamieson, ed. 7, London, Oxford _ v J 

pi 1270-1272. (p) Ochsner, A., and Mahorner, H.: Varicose ^ e.ns, 

C. V. Mosby Company, 1939. 
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paiteni, occurring: in only o7 per cent of our series, is illustrated in 
figure 1 A. If figures 1 B and 4 D arc added to the preceding group, the 
total number of cases in which “insignificant’’ medial and lateral super- 
ficial femoral veins were present would he 44 per cent. In other words, 
more than 50 per cent of the dissections illustrated prominent superfidal 



Fig-. 2. A, The accessory saphenous vein forms a common stem with the 

superficial external pudendal vein before joining the vena saphena magna. Inci- 
dence 6 per cent. B, A common trunk formed by the lateral superficial femoral, 
superficial circumflex iliac and superficial epigastric veins drains into the fossa 
ovalis. Incidence 9 per cent. C, A common trunk formed by tlie lateral super- 
ficial femoral and the superficial circumflex iliac vein drains into the fossa ovalis. 
Incidence 9 per cent. D, The superficial epigastric and the superficial external 
pudendal vein form a common trunk. A large lateral superficial femoral vein is 
present. Incidence 2 per cent. 
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femoi^al veins.=^ Tlic significance of these so-called variations becomes 
ot major importance when an analysis of recurrences is considered. The 
uglier tributaries are of less importance as causes of failure in treatment, 
except m those infrequent instances in which the superficial femoral 



Fig. 3. — A, An accessory saphenous vein is present. Note the drainage o 
double superficial external pudendal veins. Incidence 1 per cent. B, Double 
superficial external pudendal veins drain into the fossa ovalis. Incidence 3 per 
cent. C, The superficial epigastric vein drains into the vena saphena ma^a 
below the fossa ovalis. Incidence 3 per cent. D, The superficial circum ex 
iliac vein drains into the femoral vein. Incidence 1 per cent. 

veins form separate junctions with the pudendal, circumflex iliac or epi 
gastric veins (figs. 2 A, 2B, 2Cj AB and S A). A double saphenous 
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vein \vas found in only 3 per cent of the specimens (fig. 5 B). The 
incidence of direct drainage into the femoral vein of the higher tributaries 
collectively or singly was 16 per cent (figs. 3D, 4 A, 4B, 4C, 4D 
and 5 A). In one instance (fig. 5 C) the vena saphena magna was found 
to pierce the deep fascia and join the femoral vein about 1 incli (2.5 cm.) 



Fig- 4. — A, All high collateral veins drain directly into the femoral vein. 
Incidence 6 per cent B, The lateral femoral and the superficial circumflex iliac 
vein form a common trunk. The otlier high collateral veins drain directl 3 ' into 
the femoral vein. Incidence 1 per cent C, The lateral femoral vein drains into 
the fossa ovalis. The superficial epigastric vein drains directl 3 ' into the femoral 
vein. Incidence 6 per cent. D, Note the small caliber multiple medial and lateral 
superficial femoral veins. The superficial circumflex iliac and the superficial 
external pudendal vein drain directl 3 - into the femoral vein. Incidence 1 per cent 
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below the fossa ovalis. This is a rare occurrence and has been described 
by Ochsner and i\fahorner.-'^ 

TJic clinical application of this study to the patients with recurrences 
rcoperated on in our institution has not been thoroughly studied. Such 
a review is intended for a subsequent report. Most patients for whom a 



Fig. 5. — A, The lateral superficial femoral vein drains directly into the femora 
vein. Incidence 1 per cent. B, A double vena saphena magna with joining a 
the fossa ovalis. Incidence 3 per cent. C, The saphena magna pierces the eop 
fascia to enter the femoral vein about 1 inch below the fossa ovalis. nci once 
1 per cent. 

secondary operation was deemed necessary declined it. In those patients 
who permitted a second exploration, the presence of a patent me la 
(accessory) or a lateral superficial femoral vein was noted. There were 
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no examples of recurrence cine (o failure in ligation of the higher 
tributaries at the time of the primary operation. A finding of interest 
^^'as the complaint of persistent pain which was relieved after the 
secondarj- operation. The mechanism of this finding is problematic, 
but it may possibly be due to reflex A-enospasm. 

Another obserwation of importance is the dislocation in position and 
course of the tributaries in the presence of enlarged saphenous glands. 
Operative manipulation in these cases Avas found to be especialh' 
painful. The hypertrophied glands ncarl}- always displaced the A'ena 
saphena magna medially. 

Over 500 ligations have been performed in our peripheral A-ascular 
clinic. A proper follow-up of these patients Avill be made to determine 
the A’alue of the aforementioned statements. 

SUMMARY 

An anatomic studv of 100 dissections of the loAver extremity in the 
region of the' fossa oA'alis Avith particular attention to the A'ariations of 
tlie tributaries of the A'ena saphena magna is discussed. 

Variations of the superficial femoral veins are probably the chief 
causes of recurrences following faulty primary' ligations for the treatment 
of A'aricose veins. 

The presence of pain in cases AA'ith recurrence seems to be frequent. 

The presence of hypertrophied saphenous glands causes dislocation 
of the tributaries and also makes operative manipulation painful. 



INTRAVENOUS USE OF VITAMIN OXIDE 

WILLIAM A. DAVIS, M.D. 

HOWARD A. FRANK, M.D. 

ALFRED HURWITZ, M.D. 

AND 

ARNOLD M. SELIGMAN, M.D. 

BOSTON 

Ihe clinical importance of parenteral therapy with vitamin K has 
become well established. The most prolonged improvements in pro- 
thrombin clotting time so far reported have followed the intravenous 
administration of either synthetic vitamin Kj or 2-methyl- 1,4-naphtho- 
quinone (menadione). The chemical reactivity and the toxicity of 
menadione as described by Fieser^ make it less desirable for general 
use than vitamin K^. A single dose of one of these drugs can restore 
and maintain normal blood prothrombin levels for periods as long as 
two or three weeks.^ Some inconvenience is caused by their lack of 
solubility in water and their sensitivity to ultraviolet rays. This has led 
to the continued use of water-soluble preparations; the effects of these 
are of much shorter duration, so that repeated injection is required for 
prolonged effect. 

After the synthesis of vitamin Kj, Fieser ® postulated that this light- 
sensitive vitamin probably did not exist as the quinone in the green 
alfalfa leaf from which it had been isolated. He suggested that vitamin 

may be present in the green leaf as its oxide. Tishler, Fieser and 
Wendler ^ synthesized the oxide and found it to be readily reducible 

From the Medical Service, Peter Bent Brigham Hospital, and the Surgical 
Service, Beth Israel Hospital. 

This investigation was aided by a grant from the Proctor Fund, Departmen 
of Medicine, Harvard Medical School. red' 

1. Fieser, L. F.; Ann. Int. Med. 15:648, 1941. According to J. . 

(Proc. Soc. Exper. Biol. & Med. 50:16-17, 1942), when menadione is added to 
whole, unlaked blood it causes a pronounced formation of methemoglobin, an 
tlie drug is rapidly converted to some other substance, with marked loss in an i 

hemorrhagic activity. t- i d T 

2. (a) Frank, H. A.; Hurwitz, A., and Seligman, A. M.: ^ew England J. 

Med. 221:975, 1939. (b) Seligman, A. M.; Hurwitz, A.; Frank, H. A., a 

Davis, W, A.; Surg., Gynec. & Obst. 73:686, 1941. 

3. Fieser, L. F. ; J. Am. Chem. Soc. 61:2559, 1939; footnote 1. 

4. Tishler, M.; Fieser, L. F., and Wendler, N. L. : J. Am. Chem. oc. 

2866, 1940. 
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to the hydroquinonc of vitamin Kj. Fieser, Tishler and Sampson ^ 
found the oxide to be three times as stable as the quinone on exposure 
to ultraviolet light and “hardly distinguishable” from the vitamin itself in 
ussa3-s on chicks. These workers were impressed with a similarity in 
properties between the synthetic oxide and a colorless fraction isolated 
from alfalfa by Fernholz, Ansbacher and co-workers.® 

Because of the ease of preparation of the oxide from vitamin and 
its stability to ultraviolet rays, it was felt that the substance merited 
clinical trial. Although the oxide, like the vitamin itself, is not soluble 
in water, it was found that a stable suspension of therapeutic doses 
suitable for intravenous injection could be made in volumes as small 
as 10 cc. This seemed to increase the likelihood that the oxide would 
be a more generally useful agent for intravenous therapy with vitamin K. 
This paper reports the intravenous use of s}Tithetic vitamin oxide.' 


o 



C 

Chart 1.— Structural formulas for: A, vitamin B, 2-methyl-l,4-naphtho- 
•quinone (menadione) ; C, 'S’itamin oxide. 


METHOD 

Vitamin K oxide can be prepared in liter volume for intravenous administra- 
tion as a colloidal suspension by the method already described for vitamin 
However, it was found that stable suspensions of the oxide in solutions of dextrose 
■or sodium chloride (remaining homogeneous for at least two months) could be 
-made more concentrated than in the case of vitamin iq, a preliminary announcement 
of this finding having been made by Fieser.i it was found convenient to draw 
10 mg. of the oxide dissolved in 3 cc. of alcohol into a syringe containing 10 cc. of 

5. Fieser, L. F.; Tishler, M., and Sampson, W. L.: J. Biol. Chem. 137:659, 
1941. 

6. Ansbacher, S.; Fernholz, E., and MacPhillamy, H. B.: Proc. Soc. Exper. 
Biol. & Med. 42:655, 1939. Fernholz, E.; Ansbacher, S., and Moore, M. L.: 
J. Am. Chem. Soc. 61:1613, 1939. 

7. Prowded by Prof. Louis F. Fieser. Harvard Universitj-. 
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sterile pliysiologic solution of sodium chloride immediately before injection. 
For sterilization scaled ampules of the oxide in alcohol were autoclaved before 
being mixed with sterile solution of sodium chloride. No untoward reaction 
followed the administration of these suspensions. 

The prothrombin determination of Quick® was employed. The normal range 
was thirteen and a half to seventeen seconds. 

RESULTS 

Case 1. — M. M,, a 45 year old womaji with a past history of injury of the 
common duct, choledochoduodcnostomy and intermittent jaundice, chills and fever 
of two years’ duration, entered the hospital for relief of obstruction of the common 
duct. Examination revealed jaundice and a markedly enlarged liver. Laboratory 
data on admission were as follows: The urine contained bile. The stools were 
brown. A guaiac test gave, negative results. The red blood cell count was 
4,300,000, the hemoglobin content 70 per cent and the white blood cell count 10,400, 
with 72 per cent polymorphonuclear leukocytes. The nonprotein nitrogen content 
of the blood was 29 mg. per hundred cubic centimeters. The icterus index was 49. 


so 


30 


10 
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Chart 2. — Course of prothrombin clotting times for patient in case 1. 

The protein content of the serum was 7.7 Gm. per hundred cubic centimeters, with 
albumin 3.7 Gm. and globulin 4 Gm. The cholesterol content was 430 
hundred cubic centimeters. The blood diastase content was normal. The ce ' S 
time was three and a half minutes (Duke test) ; clotting time, fourteen minutes 
(test tube) ; the prothrombin clotting time, ninety seconds. ^ 

On the day following admission to the hospital the patient received ^ 

vitamin oxide intravenously. When laparotomy was performed a wee ' a j 
the bleeding time was six minutes and the prothrombin dotting time sixteen a ^ 
a half seconds. Complete obliteration of the lower portion of the common 
was found. Choledochoduodcnostomy was reestablished after mobilization o ^ 
proximal segment ; external drainage was afforded, and biopsy of the liver \ 
done. Convalescence was uneventful, and the patient was discharged from t e 
pital with the T tube damped on the fifteenth postoperative day. No unusua 
ing was noted at operation or thereafter. Following discharge the patient s jaun 

8. Quick, A. J. : Nature of Bleeding in Jaundice, J. A. M. A. 11 
(May 14) 1938. 
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disappeared and her liver diminished in size. Tlie biopsy of tiie liver revealed 
acute hepatitis and obstructive biliarj- cirrhosis. 

The course of the prothrombin clotting times is shown in chart 2. The rapid 
response and the prolonged action following a single dose of the oxide in this 
patient with biliary obstruction and hepatitis are shown. 

Case 2.— H. B., a 59 year old woman with a past history of radical mastectomy 
for cardnoma six years before, entered the hospital because of the gradual develop- 
ment of jaundice, malaise and nausea in the two months preceding admission. 
E.xamination revealed extreme jaundice, bleeding e.xcoriations of the skin, numerous 
ecchymoses, ascites, a large, nontender liver and bloody discharge from the 
rectum. The left breast was absent, and there was a nodule in the mastectomy 
scar. Laboraton,- data on admission were as follows: The urine contained bile. 
The red blood cell count was 3,500.000, the hemoglobin content 75 per cent and 



Chart 3. — Course of prothrombin clotting times for patient in case 2. 

the white blood cell count 6,000 with 85 per cent pob-morphonuclear leuko- 
cytes. The nonprotein nitrogen content of the blood was 36 mg. per hundred 
cubic centimeters. The protein content of the serum was 5.8 Gm. per hundred 
cubic centimeters, with albumin 2.8 Gm. and globulin 3 Gm. The icterus index 
was 149. The stools were gray or black. A guaiac test gave positive results. 
The prothrombin clotting time was thirty-eight seconds. There was roentgen 
evidence of pulmonary metastases, and tumor cells were found in the paracentesis 
fluid. One hour after admission the patient received 10 mg. of vitamin oxide 
intravenously. All evidence of generalized bleeding disappeared. The patient 
became progressively worse and died on the twenty-first day of hospitalization. 
Permission for postmortem examination was not obtained. 

The course of the prothrombin clotting time is shown in chart 3. A rapid 
and prolonged effect from a single dose of the oxide was obtained in this patient 
with obstructive jaundice from metastatic carcinoma. The more rapid response 
to the vitamin in this case as compared with tliat in the previous one is probably 
attributable to a less severe degree of hepatic impairment. 
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SUMMAUY 

Vitamin oxide, synthesized by Fieser and co-workers and shown 
to be three times as stable as vitamin to ultraviolet rays, has been 
tested clinically for the first time. 

A convenient method for preparing the synthetic vitamin oxide 
for intravenous administration is described. 

A single intravenous dose of vitamin oxide was found to produce 
the rapid response and the prolonged action noted with vitamin 

Merck & Co., Inc., provided a large supplj' of vitamin oxide. 

330 Brookline Avenue. 



CONCENTRATION OF PROCAINE IN THE CERE- 
BROSPINAL FLUID OF TI-IE HUMAN BEING 
AFTER SUBARACHNOID INJECTION 

THIRD REPORT 

H. KOSTER, M.D. 

BROOKLYN 

Elsewhere iny associates and I * have reported on the concentration 
of procaine in the subarachnoid space during spinal anesthesia in patients 
in the Trendelenburg position. The reports were based on the analysis 
of samples taken at various inter^-als of time from three groups of adult 
patients, at the site of injection, from a site three interspaces above and 
from the cisterna magna. The first group of 122 patients received 
150 mg. of procaine hydrochloride dissolved in 3.5 cc. of cerebrospinal 
fluid; the second group of 156 patients received 300 mg. dissolved in 
3.5 cc., and the third group of 143 patients received 300 mg. dissolved 
in 7 cc. All injections were made between the second and the third 
lumbar vertebra, and the patients were immediately placed in the 
Trendelenburg position. After this samples were taken. 

At the moment of injection the concentration at the site of injection 
is at its maximum, namely, the concentration of the injected fluid 
(43 mg. per cubic centimeter). This falls rapidly in the first few 
minutes. At the moment of injection the concentration of procaine 
three interspaces above the site of injection is 0, but it rises rapidly 
in the first four minutes. The maximum concentration here is never 
above 4 mg. per cubic centimeter, and at no moment does it equal the 
level at tlie site of injection. From then on the concentrations at the site 
of injection and tliree interspaces above decrease at approximately tire 
same rate, and at no time is the concentration in the dorsal region as 
great as in the lumbar. The highest concentration in the cisterna is 
never greater than 0.21 mg. and frequently less than 0.02 mg. per cubic 

From the Richard Morton Koster Research Laboratory. 

1. (a) Koster, H. ; Shapiro, A., and Leikensohn, A. : Spinal Anesthesia : 
Procaine Concentration Changes at the Site of Injection in Subarachnoid Anes- 
thesia, Am. J. Surg. 33:245-248 (Aug.) 1936; (b) Concentration of Procaine in 
the Cerebrospinal Fluid of the Human Being After Subarachnoid Injection, Arch. 
Surg. 37:603-608 (Oct.) 1938. (c) Koster, H.; Shapiro, A., and Warshaw, R.: 

Concentration of Procaine in the Cerebrospinal Fluid of the Human Being After 
Subarachnoid Injection, ibid. 39:97-103 (July) 1939. 
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centimeter. Comparative anal 3 'sis of these data did not support the 
assumption of many authors - that the Trendelenburg position causes 
concentrated solutions of procaine hydrochloride to flow down to the 
cisterna magna as do colored solutions in inanimate models. 

It is obvious that the information obtained regarding the concentra- 
tion of procaine in patients under the circumstances Just described could 
be used as a standard for comparison. It was then deemed advisable 
to repeat the experiment with patients in the Fowler position to deter- 
mine whether the concentration curves would be significantly changed 
by the change in posture. 

METHOD 

One hundred and twenty-eigJit adult patients received an injection of procaine 
hydrochloride dissolved in 3.5 cc. of cerebrospinal fluid at the interspace between 
tlie second and the third lumbar vertebra. The patients were then placed in the 
Fowler position at angles of 10 degrees. At different intervals after the injection, 
samples of 1 cc., of cerebrospinal fluid were withdrawn from various patients. From 
a group of 55 patients samples were withdrawn from the site of injection. From 
another group, of 56 patients, samples were withdrawn three interspaces cephalad. 
From a third group, of 17 patients, samples were withdrawn from the cisterna 
magna. The concentration of procaine in these samples was determined in most 
cases in duplicate or triplicate by the micromethod previously described,® with an 
error not over 10 per cent. 

RESULTS 

The concentrations of procaine in the spinal fluid at the site of injec- 
tion, at a site three interspaces above and in the cisterna magna in 
patients in the Fowler position are shown graphically in charts 1, 

2 and 3. 

At the moment of injection the maximum concentration at the site 
of the injection is that of the injected solution (43 mg. per cubic 
centimeter). This falls rapidly, so that at the end of ten minutes the 
level of concentration is in the neighborhood of 2 mg. per cubic centi 
meter. The level of concentration falls slowly thereafter until tie 
anesthesia wears off. 

At the moment of injection the level of concentration three 
spaces above the site of injection is 0, but it then mounts rapidly m t le 

2. Pitkin, G. H.: Controllable Spinal Anesthesia, Am. J. 

(Dec.) 1928. Co Tui, F. W.: Further Studies in Subarachnoid Anestii , 
Anesth. & Analg. 13:143 (July-Aug.) 1934. Vehrs, A. R.: j^ed 

Hydrodynamics of Analg-esics in the Subarachnoid Fluid of 
Novocaine in Artificial Dural Sacs, West. J. Surg, 43:16-32 * Obst* 

cock, W. W. ; Spinal Anesthesia in Fact and Fancy, Surg., Gynec. 

59:94-100 (July) 1934. 

3. Foster, H.; Shapiro, A., and Posen, E.:_ A Micromethod for 
titative Determination of Procaine in Cerebrospinal Fluid, J. La . 

21:1096-1098 (July) 1936. 
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Chart 1. — Concentration of procaine in the cerebrospinal fluid at the site of 
injection in different patients at various intervals after the injection of the anes- 
thetic. The patients were in the Fowler position. 



Chart 2.— Concentration of procaine in the cerebrospinal fluid three interspaces 
above the site of injection in different patients at -N-arious intervals after the 
injection of the anesthetic. The patients were in the Fowler position. 
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first five minutes to the level of 4 mg. per cubic centimeter. After 
reaching a peak it falls rapidly for approximately four or five minutes 
and then more slowly until the anesthesia disappears. At all times, 
however, the concentration here maintains a slightly lower level than 
that at the site of injection. 

Samples taken from the cfsterna magna in patients in the Fowler 
position never showed concentration values greater than 0.18 mg. per 
cubic centimeter and frequently less than 0,02 mg, per cubic centimeter. 

COMMENT 

With patients in a 10 degree Fowler position the cistema magna 
is at a higher level than the lumbar portion of the subarachnoid space. 
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Chart 3 . — Concentration of procaine in the cerebrospinal fluid ^ 
cerebellomedullaris in different patients at various intervals after t le injec 
of the anesthetic. The patients were in the Fowler position. 


If the distribution of the injected anesthetic solution is signi 
affected by gravity, it might be expected that no anesthetic wou 
found in the cisterna magna. It might also be expected that the con 
centration values of samples taken at the site of injection and from a si ^ 
three interspaces above would vary significantly from samples smn ar > 
obtained from patients in the Trendelenburg position. The i 
between the two positions is represented by an angle of between 

18 decrees. • 

In the Fowler position procaine is found in the^ cisterna 
small amounts. The values are not significantly different rom 
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Chart 4. — Concentration of procame in the cerebrospinal fluid at the site of 
injection in different patients at various intervals after the injection of the anes- 
thetic. The patients were in the Trendelenburg position. 



Chart S. — Concentration of procaine in the cerebrospinal fluid three interspaces 
above the site of injection in different patients at TOrious inter\-als after the 
injection of the anesthetic. The patients were in the Trendelenburg position. 
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similarly obtained for patients in the Trendelenburg position. Some- 
explanahon might be found for the presence of procaine in the cistema 
magna in patients m the Fowler position, a presence which serves to 
contradict the assumption that concentrated solutions of procaine hydro- 
chloride flow to dependent parts of the subarachnoid space as do colored 
solutions in glass models. However these findings and the existence 
of similar amounts of procaine in patients in the Trendelenburg position 
seem^ to indicate that for the degrees of change from the true horizontal 
position used in these experiments gravitational displacement of the 
injected solution is negligible. 

For convenience of comparison the data on the concentration of pro- 
caine at the site of injection, three interspaces above and in the cisterna 



MINUTES AFTER INJECTION 

Chart 6. — Concentration of procaine in the cerebrospinal fluid in the cisterna 
cerebellomedullaris in different patients at various intervals after the injection of 
the anesthetic. The patients were in the Trendelenburg position. 

magna in patients in the Trendelenburg position are graphically repro- 
duced in charts 4, 5 and 6. It can be seen that there is no significant 
difference between the concentration curves of patients in the Fowler 
and in the Trendelenburg position. This seems to indicate that the 
factors responsible for the spread of the anesthetic in the subarachnoid 
space are not noticeably affected by such changes in position as occurred 
in these experiments. It also indicates that within these limits con- 
centrated solutions of procaine hydrochloride do not settle into dependent 
portions of the subarachnoid space as do colored solutions in inanimate 
models. 
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LESIONS OF THE SUPR.VSPINATUS TENDON 

DEGEXER.UTIOX, RUPTURE AXD CALCIFIC.VTIOX 

C. L. WILSOX, M.D., CM.* 

>roxTRE-\L, c.\x.\nA 

The puqiose of this paper is to make a survey of the literature on lesions of 
the tendons of the short rotator muscles of the shoulder, namely, the supraspinatus. 
infraspinatus, teres minor and suhscapularis. As has been pointed out by Codman,^ 
lesions of the shoulder tendons, notably rupture of the supraspinatus tendon, are 
significant because of the long duration of the disability' produced \vhen they are 
not recognized earlv. This is particularly important in the laboring classes, for 
the disability produced by rupture of the supraspinatus tendon may be sufficient 
to prevent a laborer from working for two years.' 

I. AX ATOMIC COXSIDERATIOXS 

Gross Anaiomv . — The anatomy of the shoulder joint will be considered briefly 
in order to give a clear concept of the subacromial bursa, the tendons of the short 
rotator muscles of the shoulder, namely the supraspinatus, infraspinatus, teres 
minor and suhscapularis, and the tendon of the long head of the biceps muscle. 
If the anatomy and function of these structures are clearly pictured, the under- 
standing of the conditions affecting them is greatly enhanced. 

The subacromial bursa is a synovial bursa occurring beneath the deltoid muscle, 
the coracoacromial ligament and the acromion and intervening between these 
structures and the supraspinatus tendon.^ The bursa is roughly circular in outline, 
fitting equally over the ligaments and their insertions into the head of tlie humerus, 
like a skull cap. Codman remarked that “the first time one cuts into a normal 
bursa one is startled to find how much the base looks like the shoulder joint itself. 
One cannot distinguish by sight the line between the portions which are on bone, 
or on tendon beneath the shiny base.” The bursa increases in size with age, being 

From the Department of Pathology', McGill Universitj'. 

* Fellow in lUedicine of the National Research Council; Surgeon Lieutenant, Royal 
Canadian Nar-y (VR). 

1. Codman, E. A.: (a) Some Points on the Diagnosis and Treatment of Certain X'eglected 
J'linor Surgical Lesions, Boston M. & S. J. 150:371, 1904; (&) Stiff and Painful Shoulders: 
The Anatomy of the Subdeltoid or Subacromial Bursa and Its Clinical Importance ; Subdeltoid 
Bursitis, ibid. 154:613, 1906; (c) Bursitis Subacromalis or Periarthritis of the Shoulder Joint: 
(Subdeltoid Bursitis) ,’ ibid. 159:533, 576, 615, 677 and 723, 1908; (d) Complete Rupture of the 
Supraspinatus Tendon: -Operative Treatment with Report of Two Successful Cases, ibid. 
164:708, 1911; (<r) On Stiff and Painful Shoulders, as Explained by Subacromial Bursitis and 
Partial Rupture of the Tendon of the Supraspinatus, ibid. 165:115, 1911; (/) Obscure 
Lesions of the Shoulder: Rupture of the Supraspinatus Tendon, ibjd. 196:381. 1927; 
(p) Rupture of the Supraspinatus Tendon, Surg., Gynec. & Obst. 52:o/9, 19ol ; (fi) The 
Shoulder: Rupture of tlie Supraspinatus Tendon and Other Lesions in or About tlie Sub- 
acromial Bursa Boston The Autlior, 1934; (i) Rupture of Supraspinatus, .Am. J. Surg. 42: 
C03, 1938. 

2. Codman.'L.i 

, ... 2. (a) Grav, H.; Anatomv, Descriptive and .Applied, edited by T. B. Johnston, ed. 26. New 

Longmans, Green & Co., 1935. (b) Piersol. G. .A.: Human .Anatomy, Philadelphia, 

J- B. Lippincott Companv, 1907, vol. 2. (c) Codman.’'’-’- 
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1.5 cm. in diameter in a newly born infant and 3 to 7 cm.-* in diameter in a fully 
developed adult. Its function is to permit the upper end of the humerus with its 
capsule to glide easil)^ under the coracoacromial ligament and the acromion during 
abduction."' The bursa has been considered to be indispensable in abduction and 
rotation of the humerus/''^ but Moseley ® has removed the bursa in 2 cases and had 
perfect function of the arm. 

The origins of the four short rotator muscles can be reviewed in any textbook 
of anatomy. The important point is that their tendons flatten out and blend almost 
indistinguishabl}^ with the floor of the subacromial bursa and capsule of the 
shoulder joint." The edges of the tendons of the four muscles approximate each 
other, and it is often difficult to tell where one stops and the next begins.® This 
fused structure Codman called “the musculo-tendinous cuff.” The average 
length of the supraspinatus tendon on both tlie right and the left side is 2.25 cm.'** 

The attachment of the tendons of the short rotator muscles takes place through 
most of the upper half of the sulcus, which is called the anatomic neck of the 
humerus. The heavier portions of the tendons are inserted on the facets situated 
on the greater tuberosity. Skinner ® claimed that the muscular portion decreases 
with age and is replaced by fibrous tissue. This aponeurosis then fuses with the 
capsule of the shoulder joint. This view, however, is refuted by the Avork of 
Lindblom,^® who found that the length of the tendon compared AAuth the Avidth of 
the head of the humerus Avas 9 : 14 — 0.64 (8 cases) in fetuses and children, and 
73: 131 = 0.56 (27 cases) in adults. Other measurements/'’ of tendons shoAved 
no increase in length once adult life had been reached. 


Function . — The functions of the short rotator muscles of the arm, especially the 
supraspinatus, have been the subject of a great deal of controversy. Each author 
has to a certain extent been correct in his interpretation, and it is possible to 
combine their A^arious AueAvs to give a complete picture. It must be realized at t ie 
outset that the function of any muscle depends not only on the direction of 
force but on its training. The anatomy of the insertion of the short rotator cu 
is such that all the muscles composing it must Avork together. StcA'^ens^^ state 
that the subscapularis muscle on one side and the infraspinatus and teres minor 
muscles on the other act as a sling around the anatomic neck of the humerus, 
keeping the head of the humerus against the glenoid cavity during abduction. 
Since their line of pull passes through the fulcrum of the lever, their action oe 

not hinder abduction. .. i -f nd 

The supraspinatus tendon acts as an abductor of the arm.^" Codrnan ou 
that AA’hen the deltoid is paralyzed by'^ a lesion of the circumflex nerA’^e tie pa i 

4. (a) Wilson, P. D. ; Complete Rupture of the Supraspinatus Tendon, J. A. Jf. A. 96 

(Feb. 7) 1931. (b) Codman.^i* 

5. Codman. Ab-i' Wilson.^*' 

6. Moseley, H. F. ; Personal communication to the author. . Tendon, 

7. (a) McKeoAvn, E. G.: Shoulder Joint Injury: Rupture of the Sup/aspinam 

Journal-Lancet 55:38, 1935. (b) Wilson, C. L., and Duff, G. L.: ^ Pathological 

Degeneration and Rupture of the Supraspinatus Tendon, to be publisiec. (. 

8. Laird, R. C. : Complete "Rupture of the Supraspinatus Tendon, Bull. Acad. J^fc 

14:111, 1941. Footnote 7c. , ,, gunraspinatus 

9. Skinner, H. A. : Anatomical Considerations Relatn-e to Rupture of the P 

Tendon, J. Bone & Joint Surg. 19:137, 1937. , . j „ Anoneurosis of the Shoulder 

10. Lindblom, K. ; On Pathogenesis of Ruptures of the Tendon Ap 

Joint, Acta radiol, 20:563, 1939. Am T M Sc 138:870, DjW- 

11. Stevens, J. H.: Action of the Short Rotators of the Arm Am. J. Ai. • ,'c.xperi- 

12. (o) Duchenne, G. B. A.; Physiologic des mou'’cments demontree . Johnston, 

mentation electrique et de I’observation clinique, Paris, J. B, Bailherc ' , 

(Footnote continued on next foffc) 
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can still feebly abduct the arm. If he cannot, then oiicr.-iti'.r 
rupture of the supraspinatus.’'' Smith and Christensen ,'r 
have not concurred with this statement. IMoseley,'* by ir,; 
chloride into a ruptured supraspinatus tendon and thus rer. 
that abduction is still possible but much weakened. Tl;e 
case of rupture of the supraspinatus tendon is therefore c- 
authors have contended that the supraspinatus muscle pr 
humerus from slipping up out of the glenoid cavity, bii; < 
acting alone, the upward and inward pull of the supraspirr.; 
would actually pull the greater tuberosity against the under 
arch. Codman advanced the idea of ‘scapulo-hunier?.; 
meant that as the humerus and scapula move in abduction ti; 
of muscle pull clianges. so that the supraspinatus muscle I-.-: 
an abductor and of a stabilizer but in different phases of ai 
abductor up to the horizontal position, and from there j; a, 
of the shoulder joint. 

j\Iartin has pointed out that as the humerus is raiser? ; 
the upright position it rotates laterally tlirough 180 degree 
in the sagittal plane no rotation occurs. He showed that if 
deltoid muscles raise the arm in the coronal plane, thev a! v 
It should be noted that abduction of the humerus occijrs C 
of tire scapula (not the plane of the trunk) and carrie- 
laterally away from the trunk. 


The tendon of the long head of the biceps muscle ' 


S'CrTi,; 


becomes encased in the synovial membrane of the shoopi . 
joint through an opening in the capsular ligament. 
of the humerus and is inserted into the supraglenoid til*' ' 
glenoid cavity. It is held in the bicipital groove by the tr- 
and a fibrous expansion from the pectoralis major niusclf^' 
acts as a stabilizer of the humeroglenoid joint in abrlii(.(,y I ' 


Microscopic Anatomy of the Supraspinatus T, 


Humerus . — The muscle cells run into the tend! 
abruptly. The tendinous portion consists of 




noii,!) 


r"'>r! 


Prinrari-r, ' ' 

with their rows of fibroblasts grouped into secondan- 1 '’"' 
fibrillar connective tissue. The base of the subacro • 
the shoulder joint lie on either side of the tendon a^i'^' • 

the total depth of the structure of the tendon.'i' ’'"'ni s 
runs mostly in the loose septal connective tissue 


blood vessels, particular!}* in adult life. 




I^urincr 


T. B. : Movements of the Shoulder Joint: Plea for Us 
Reference for Movements Occurring at Humero-Scapnla 'T'l',- 
tc) Codman.^P’*''' (d) Skinner.® (e) Stevens.^ 

13. Smith, J. F., and Christensen, H. H. : Deltoid P 
Surg., G>*nec. & Obst. 41:451, 1925. 

14. Moselev, H. F. : Rupture of the Supraspinatus T 


'■rll. 




15. (o) Gray, C. H. : Rupture of Supraspinatus Tcndr 

(c) Wilson.'*® l-5r.r,, j ^ ^ 

16. Martin. C. P. : Movements of the Shoulder Jq|,.- ' "*^'1 

of the Supraspinatus Tendon. Am. J. Annt. 66:213, 1940 ' c, 

17. Gray.®® Johnston.'®ti ■’''''i.'d 


IS. (a) Moseley. H. F. : Shoulder Pain,_Canad. '\f 
(r) Moseley.'* (d) Moseley.® Skinner.®' *' •!. J 
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vascularized.’" There are slits seen between the primary collagenous bundles, with 
a fibi oblast seen usually on one side, never on both sides. Sobotta’"*^ suggested 
that these slits contain a cement substance fastening the tendon bundles together. 
The}'' may serve some such function or may be simply artefacts. There seems to 
be no reason to assunie, as Howard has suggested, that these are all endothelium- 
lined spaces. He went so far as to state that there are no fibroblasts in tendons 
and that all the cells are endothelial cells lining spaces for the lubrication of tendons, 
by plasma. His experimental methods are open to several objections, and bis 
observations cannot be regarded as conclusive. 

Codinan devised a nomenclature of the structures composing the supra- 
spinatus tendon insertion. The tendon is inserted into the greater tuberosity of 
the humerus through a layer of fibrocartilage which he called “the palisades.” The 
spindle-shaped cells lying in this layer he named “torpedo cells." A thin calcified 
layer of this fibrocartilage adjacent to the bone is called the “blue line.” This line 
is formed from about 12 to 18 years of age. The cortical bone beneath the blue 
line is the “armor plate.” The “critical portion" of the supraspinatus tendon is 
the half-inch (1.3 cm.) proximal to the palisades, so named because it is at this 
point that rupture occurs. 


II. DEGENERATION AND RUPTURE OF THE SUPRASPINATUS TENDON 


Historical . — The first to recognize a rupture of the supraspinatus tendon was 
Smith in 1835. Working on anatomic specimens, some of them “snatched from 
the grave," he described 7 cases of “injuries" of the shoulder in a series of 40 
cadavers. The lesions he described were rupture of the supraspinatus tendon with 
or without rupture of the other short rotator tendons and sometimes rupture ot 
the long head of the biceps with secondary reattachment in the bicipital grooi'e. 
He attributed these lesions to dislocation of the head of the humerus. It must 
be noted, however, that in 1788 Alexander Monro -- in his “Description of all the 
'Bursae Mucosae’ of the Human Body” published an illustration of “a hole uorn 
in the capsular ligament of the humerus on the right side.” It seems that Monro 
must be given the credit for first describing a ruptured supraspinatus ten on. 
even if he did not recognize it as such because of the blending of the ten ons 
of the short rotators of the humerus with each other and with the capsule o 
shoulder joint. It was not until 1911 that Codman recognized rupture o ic 
supraspinatus tendon as a clinical entity. By means of arduous work and man\ 
publications and by his book “The Shoulder” he has succeeded in arousing 
in this and other degenerative lesions making up a very important group o con 
ditions affecting the shoulder joint. 

Pathologic Anatomy. — Rupture of the supraspinatus tendon occurs as a 
verse tear in the fibers of the tendon within a half-inch of the insertion o 
tendon into the greater tuberosity of the humerus. The rupture may be par 
complete. Incomplete rupture may occur on the joint side of the tendon u le 
is called a rim rent, on the bursal side of the tendon involving the oor 


19. (a) Lindblom, K. : Arthrography and Roentgenography in 22 : 728 , 

Shoulder, Acta radiol. 20. *548, 1939. (h) Rau, cited by Honigsman, K: Mca. ^ (,y 

1926. (c) Sobotta, J.: Atlas of Human Histology and Microscopic Anatomy, 

U. H. Piersol, New York, G. E. Stechert & Company, 1930. and Tlict'r 

20. Howard, iN. J.; Pathological' Changes Induced in Tendons Through Iraum 

Accompanying Clinical Phenomena, Am. J. Surg. 51:689, 1941. Shoulder 

21. Smith, J. S. : Pathological Appearances of Seven Cases of In; y 

Joints, with Remarks, Am. J. M. Sc. 16:219, 1835. Dodv Edinlmrpl', 

22. Monro, A. : A Description of All the “Bursae Jfucosac" of the Human i- 

C. Elliot, T. Kay & Co., 1788. 
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subacromial bursa or ^Yithin the substance of the tendon, involving neither surface.^'' 
^Yhen a rim rent occurs there is apparent lengthening of the tendon."'’ If the 
bursal side is first involved there is furring of the floor of the hursa and later 
fibrillation of the tendon fibers."" 

In the majority of cases of complete rupture there is found a defect at the 
critical portion of the supraspinatus tendon which allows free communication 
between the shoulder joint and the subacromial bursa. Sometimes the rupture 
e.xtends to the subscapularis or may even involve the latter alone: sometimes it 
extends to the insertions of the infraspinatus and teres minor tendons, and some- 
times it involves all four tendons, thus completely tearing away the lateral margin 
of the capsule of the shoulder joint.^’’ In some cases there is blood clot in the 
early stages and in others none.""* As the defect of the supraspinatus tendon grows 
older it becomes triangular,"" making the rent an equilateral triangle with its 
base on the greater tuberosit}' and its apex disappearing under the acromion."® 
The apex becomes falciform and is lined by a rim of hyaline tissue.**" Sometimes 
there is a strap of tendon tissue traversing the rent from apex to base."* Aleyer 
cited 1 case in which attrition was carried so far that the deltoid muscle as well as 
the joint capsule was worn away, leaving onlj- skin and fascia to cover the joint."^ 

In cases of recent rupture a stub of the ruptured tendon is attached to the 
greater tuberosit}'' of the humerus. This stub is gradually worn away."° It has 
been obser\-ed to have disappeared in seventy days."*“ With rupture of long 
standing there may be found little bon}’ excrescences on the tuberosit}'. These are 
thought to be the result of periosteal reaction to minor repeated traumas. Beneath 
the cortex there may be seen little absorption cavenis.**" These may also be seen 
in normal bones and are supposed to be the result of age.®® Finally the tuberosity 
is completely woni away (recession),®* leaving a smoothly rounded area covered 
with a thin fibrous layer of periosteum,**" which continues tlie rounded contour 
of the articular head of the humerus. In cases of long-standing rupture, moreover, 
the articular cartilage of the head of the humerus is eroded.®® This erosion is 
slightly larger than the overlying rent because of movement of the humerus.®® 
Ebumation of the receding tuberosit}' and the overlying acromion may also occur.®* 

Anotlier feature noted in cases of long-standing rupture is that the roof of 
the subacromial bursa, which normally is filmlike, is as thick as blotting paper.®® 

23. Me 3 -er, A. }y. : Furtlier Evidences of Attrition in the Human Bodv, Am. T Anat. 34: 
241, 1924. 

24. (a) Davis, T. W., and Sullivan, J. E. : Rupture of Supraspinatus Tendon, Ann. Surg. 
106:1058, 1937. (6) Mayer, L. : Rupture of the Supraspinatus Tendon, J. Bone & Joint Surer. 
19:640, 1937. 

25. Codman."!* Skinner.® }Vilson.^“ 

26. (n) Keyes, E. L.: Observations on Rupture of Supraspinatus Tendon Based on Studv 

of Seventy -Three Cadavers, Ann. Surg. 97:849, 1933. (b) Codman.u> 

27. Codman."*‘ Davis and Sullivan.®^“ Keyes.®® 

28. !Meyer, A. W. : Chronic Functional Lesions of the Shoulder, Arch. Surg 35:646 
(Oct.) 1937. 

29. Codman.”' Skinner.® 

30. Meyer, .A. W. ; Unrecognized Occupational Destruction of the Tendon of the Long 
Head of the Biceps Brachii, ,\rch. Surg. 2:130 (Jan.) 1921. 

31. (n) Horwitz, M. T. : Lesions of the Supraspinatus Tendon and .Associated Structures: 

Investigation of Comparable Lesions in Hip-Joint. .Arch. Surg. 38:990 (June) 1939. (b) 

Codman."’* (c) Skinner.® 

32. Codman."*' Meyer.®® Skinner.® 

.33. Keyes, E. L. : Cadaver Obser^-ations : Anatomical Observations on Senile Gianges in 
the Shovdder, J. Bone & Joint Surg. 17 ;953, 1935. Codman."' 

34. Codnian.®!' Meyer.®® Meyer.®® Meyer.-'-® 

35. Codman."*' Horwitz,®* 
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Synovial villi may be found in the bursa.'’” At operation they are pink, but tat 
autopsy they are limp and colorless. Sometimes thick fibrous bands are fouiicl 
in the bursa. The subacromial bursa may be absent, there being only a loose 
areolar tissue binding the internal surface of the deltoid to the joint capsule."" 
Roughening, fraying and complete destruction of the .synovial bursae may result 
from long-continued wear,-” from rupture of the supraspinatus tendon ”” or from 
a deposit of calcium in the supraspinatus tendon which has ruptured into the bursa. 

I he tendon of the long head of the biceps muscle is exposed as it passes 
over the head of the humerus by a rent in the supraspinatus tendon.”” It is seen 
as a bright pink or frayed ”” hand crossing the articular cartilage of the humeral 
head and may sometimes he twice as wide as its natural diameter. In cases of 
long-standing rupture of the supraspinatus tendon the intra-articular portion of 
the biceps tendon is absent. The attachment at the. supraglenoid tubercle has 
been lost and the tendon has become reattached in the bicipital groove or to the 
transverse humeral ligament.'” The intracapsular portion may disappear com- 
pletely or may fuse with the joint capsule.”” It has also been described as 
being attached to the articular surface of the head of the humerus like a ligamentum 
teres.”'” Meyer took great pains to point out that rupture of the biceps tendon 
occasionally (3 cases) may occur with an intact shoulder capsule, and he attributes 
this to attrition. His 3 patients had roughening of the head of the humerus. Other 
causes of rupture of the hicejjs tendon were adequately discussed by Gilcreest,'’”’" 
hut they must he rare.^'' 

Characteristic histologic changes arc found in the degenerating but intact supra- 
spinatus tendon.’’'' The tendon bundles lose their wavy appearance and become at 
first granular, later clear and homogeneous and finally fibrillar. There is an 
increase in the number of arterioles, and they can he seen growing down from the 
base of the subacromial bursa and occasionally up from the joint capsule, ^^lth 
hematoxylin and eosin, normal tendon bundles stain a deep pink. The moie 
degenerate a tendon is, the paler pink it will stain. Mallory’s connective tissue 
stain colors the normal tendon bundles orange and the degenerative areas blue- 
The most marked changes of this character are found in ruptured tendons a 
the site of rupture. It is evident that the degenerative process described leads to 
weakening of the tendon of such a degree that eventually rupture of the ten on 
under relatively slight strain becomes possible.’” It lias been stated “ t la 
degenerated areas stain a deeper pink with cosin, but in my series this has not le c 
true.’” it is almost impossible to find a histologically normal supraspinatus ten on 
in an old person.”' . , , 

At the insertion the torpedo cells may become calcified, may form peculiai gian 
cells or may fade. The palisades often stain ii'regularly, indicating necrotic c 
The blue line may he pushed up by excrescences or torn out in patches n 
tendons. The armor plate may be at first thickened and later thinned in a lecec i 
tuberosity.”* There is a thin lajmr of fibrous tissue covering the bony cor 
the receding tuberosity. Beneath the excrescences arc often found caverns c 


36. Codman.’*' Meyer.”® *_ , c- i • i 

37. Ferguson, L. K. : Painful Shoulder Arising from Lesions of Subacronua 
Supraspinatus Tendon, Ann. Surg. 105:243, 1937. Codman.”' 

38. Alcerson, I. B., and Codman, E. A. ; Pathology Associated with Rupture ot 

spinatus Tendon, Ann. Surg. 93:348, 1931. , 

39. (a) Gilcreest, E. L. : The Common Syndrome of Rupture; Dislocation • 
of the Long Head of the Biceps Brachii ; Analysis of One Hundred Cases, 

Ohst. 58:322, 1934. (b) Wilson, P. D. : The Painful Shoulder, Bnt. M. J- 

(c) Codman.*’’ (d) Meyer.”" (c) Smith.”* (/) Wilson.'*" 
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taining vascular tissue. In a late stage, when the tuberosit}' is receding, the blue 
line tends to disappear. The armor plate may he thickened following rupture but 
is thin in recession of the tuberosity.^*’ In the subacromial bursa there are vascular 
and cellular villi which project into the bursa, ■*- and in a late stage the walls of tlie 
bursa are thickened. 

Tensile Strength. — Cronkite.'*’’ using tendon strips from various tendons with 
a cross-sectional area of appro.ximateh' 0.5 to 1 sq. mm., tested the breaking 
strength and found variations from 4,000 to 30,000 pounds per square inch (2.8 
to 21 Kg. per square millimeter) for individual tendons. Tlie average breaking 
strength of the tendons of different cadavers varied from 8.700 to 18.000 pounds 
per square inch (6 to 12.5 Kg. per square millimeter). The tensile strength of 
fresh tendon did not in his estimation differ much from that of tendon fixed with 
glycerin and alcohol. The strength of the tendons appeared to have no relationship 
to the assigned cause of death or to the age of the patient. He estimated that a 
puli of 1,000 pounds (454 Kg.) would be required to nipture a normal supra- 
spinatus tendon 3 mm. tliick and 2 cm. wide. 

McMaster made preparations of rabbit’s gastrocnemius muscle, intact with 
its tendon and bones of origin and insertion. He subjected the system to strain 
by pulling the two bones apart in the direction of normal muscle pull. The break 
in a normal preparation occurred anywhere but in the tendon. The closest 
approach to a break in the tendon occurred when it pulled away from the calcaneus, 
carrying a fragment of bone with it. Approximate!}' one half of the tendon’s fibers 
had to be severed to permit rupture of the tendon when the system was subjected 
to strain. Spontaneous rupture did not occur after severance of three fourths of 
a tendon’s fibers under ordinal'}’' activities of a rabbit. This proved that the tendon 
is the strongest link in this particular muscle to bone chain in the rabbit. Obstruc- 
tion of the blood supply of 1 cm. of a normal tendon by double ligation caused 
rupture at the obstructed area, but only when it was subjected to strain four to 
five weeks later. When tests were made earlier than this the break occurred not 
in tlie tendon but elsewhere in the system. The blood supply of a tendon was 
found to be more important in reparative processes of injured tendons than the 
presence of a tendon sheatli. 

Lindblom experimented with preparations of humerus, supraspinatus tendon 
and muscle with sutures placed in the latter to act as a grip. By exerting a sudden 
force of 4 to 11 Kg. he was able to produce rupture of the tendon at its insertion 
in 2 cases out of 7. His conclusion was that the direction of force was important, 
but since the only persons in which he was able to produce experimental rupture 
of the supraspinatus tendon were over 70 years of age it would seem, in view of 
niy work,’*’ that these tendons were probably in at least a slightly degenerated 
state. In younger persons Lindblom did not succeed in producing a rupture in 
the tendinous portion of the system. In my small series rupture occurred any- 
where but in the tendinous portion of a bone-muscle-tendon-bone preparation of 
the supraspinatus muscle. The conclusion is that rupture of a normal tendon does 
not occur and that prior degenerative changes with weakening of the tendon are 
essential to its rupture by force. 

Incidence . — The figures of incidence of complete rupture of the supraspinatus 
tendon have varied with different authors according to the L-pe and age of the 

42. Codnian.’*' Howard.”® 

43. Cronkitc, A. E.: Tensile Strength of Hiiman Tendons. Anat. Rec. 64:173, 1936. 

44. McMastcr, P. E. ; Tendon and Muscle Ruptures: Ginical and Experimental Studies 
on the Causes and Location of Subcutaneous Ruptures, J. Bone & Joint Surg. 13:705, 1933. 

45. Lindblom (footnotes 10 and 19 o). 
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subjects with which they were working. Statistics generally have been given as 
a percentage of the number of shoulders examined (i. e., two shoulders per 
subject). Codman/'* working on autopsy and surgical material, estimated that 
the incidence on this basis was at least 5 per cent. Akerson,^® doing autopsies on 
old, debilitated people, found it to be 39 per cent. In Skinner’s series ® it was 6 
per cent and in Keyes’ series 13 per cent.*®“ My own statistics were quoted as 
a percentage of the bodies examined, since each case, in a clinical sense, means 1 
patient and this is what is important, not rvhether the rupture is unilateral or 
bilateral. In autopsy material the incidence was 20 per cent and in anatomic 
cadavers 26.5 per cent. In about half the cases rupture was bilateral. The average 
age of the autopsy subjects was 55 years and of the cadavers was 66, but in both 
groups the average age of those uuth ruptured tendons was virtually the same. 
x'Vll authors have agreed that the average age of subjects with rupture is in the 
neighborhood of 64 years.^® Rupture occurs much more frequently in males than 
in females, the incidence in my series being 23.7 per cent among males and 17.8 
per cent among females.'*^ The incidence is much higher on the right side than on 
the left,^‘ although in one series this was not true.‘®“ In my series no rupture 
occurred on the left side without a larger one on the right. All unilateral rup- 
tures occurred on the right side except in 2 instances. These were the onl}" cases 
in the series in which the circumference of the left arm at the level of the biceps 
exceeded that on the idglit. 

Etiology and Pathogenesis. — Much has been written concerning the cause of 
rupture of the supraspinatus tendon. Certain general hypotheses are admitted by 
ever}'' one, but no definite proofs have been established. There has been more 
theorizing than definite data on this subject. Ei'ery one agrees that ruptures do 
not usually occur in persons under the age of 50 years. Actual figures based on 
the examination of at least 500 bodies bear this out.^® The youngest patient on 
record was a woman only 32 years of age.^® In the younger age groups, instea 
of rupture of the tendon, fracture of the greater tuberosity occurs. Many authors 
have speculated that changes occur in the structure of die tendon with age, ut 
the ideas concerning these changes vary, some authors having merely postu ate 
a senile degeneration and gone no further.*® It has been suggested that degenera 
tion may be due to deterioration of the vascular supply. The supposed ciange 
has also been called a sclerosization.^* Wilson and Duff have shown that ciar^ 
acteristic microscopic degenerative changes make their first appearance rela n } 
early in adult life and increase with age. _ , . . 

Most surgeons are of the opinion that rupture usually occurs in a ten on v 
has suffered degeneration and then been subjected to trauma.''" 
divergent opinions as to the nature of this trauma. Most jVJp 

the trauma is the result of muscular violence. Smith in his ongina ^ 
expressed the opinion that dislocation of the head of the humerus "ivas re < 
and Outland and Shepherd reported 3 cases in Avhich such dis oca lOii 
responsible. It has been pointed out that when external rotation o t re i ' 
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is prevented during abduction, the coracoacromial arch bears sliarph- on the 
insertion of the supraspinatus tendon and may lacerate it.'” A traumatic condition 
simulating rupture may occur in a healthy tendon. This has been well illustrated 
by Codman,''^ in whose book there is a plate showing a tendon in which the torn 
end contains a fragment of bone. That this is a traumatic fracture of the greater 
tuberosity rather than of the tendon is in agreement with experimental results.”^ 
Howard -® presented the idea that trauma may cause a vascular granulation tissue 
reaction which erodes and frays the tendon so that it eventually ruptures under 
stress. This suggestion was based on his study of the e.xtensor tendons of the 
finger. 

It has also been suggested that rupture is due to wear, caused by long- 
continued use of the arm in abduction with friction against the coracoacromial arch. 
Codman described ruptures on the under surface of the tendon and pointed out 
tliat these could not ven.- well be due to friction against the acromion.''' IMeyer 
granted this but pointed out that complete capsular defects ma}' occur anterior!}- 
and posteriorly to the intact supraspinatus tendon and argued that they cannot 
be due to trauma but must be due to wear,-® since some of tliem are parallel to 
the tendon fibers, instead of transverse as would be the case in traumatic rupture. 

V arious autliors have emphasized the importance of occupation. Most of 
them cite as the cause of rupture of the supraspinatus tendon occupations which 
require long-continued use of the ann in a position of abduction, especially doing 
heaw labor. Codman ' stated that he had encountered only 1 case of rupture in 
a person whose occupation did not require or had not required hea-vy work. 
^^'hether occupation causes ischemia, due to compression of the vascular supply,®' 
or attrition, because of friction,®® is still problematic. In my series the histologic 
changes of degeneration were greater in laboring people. 

Todd and Cohen have found in guinea pigs deprived of vitamin C such 
weakening of the ligaments tliat it was difficult to skin the animals witliout tearing 
the ligaments of the joints, especially of tlie knee and cer^-ical vertebrae. It seems 
doubtful, however, that deficienc}' of Htamin C could be of great importance in 
patients showing no other signs of vitamin deficiency. 

Clinical Features . — The first clear description of the clinical features in the 
acute stage of complete rupture of the supraspinatus tendon was given by Codman."' 
Usually there have been no symptoms in the shoulder prior to the acute disabilit}-, 
which starts with an injur}% usually a fall, in which tliere is sudden elevation of 
the arm in an attempt to regain balance. The patient will usually say that he 
fell and struck his shoulder. This may verj- rarely be true, but usually it is not, 
.and even if the patient did fall on his shoulder he could not have injured the supra- 
spinatus tendon in falling, since it is protected by the acromion process. After 
the fall, immediate, sharp, brief pain is always felt in the shoulder at the insertion 
of the supraspinatus muscle. It may be mild or moderately severe, but is usuallv 
not severe enough to prevent the patient from working for the remainder of the 
day. In the evening the pain becomes worse and later in the night intolerable. 
The patient calls a doctor, or sits up in a chair or walks the floor. All these 
features are present within twent}'-four hours after the injur}-. Ivext day he is 
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prett}'' sure to report tliat lie cannot work but may persuade an accommodating 
foreman to let him "hang around for a day or two” until he gets better, because 
he usually thinks that the injury is of no great consequence and will wear off. 
Physical examination reveals an inability to raise the arm. There is little restriction 
of movement of the shoulder when the patient is leaning forward from the hips 
with the arms hanging down. This is really a modification of Dawbarn’s sign/® 
i, e., disappearance of pain when the arm is abducted because the ruptured tendon 
has slipped up under the coracoacromial arch where it is protected. A tender 
point can be felt just anterior to the edge of the tip of the acromion process when 
the arm is in dorsal flexion. This point is at the gap between the torn ends of the 
tendon. As the arm is passively elevated this tender point disappears under 
the coracoacromial arch and the patient experiences a sense of relief. Sometimes 
this gap can be felt as a sulcus b)’' the examining finger if the intervening deltoid 
muscle is not too thick. This sulcus accentuates the prominence of the greater 
tuberosity. The passage of the sulcus in the ruptured tendon under the coraco- 
acromial arch causes a wince of pain, and a jog which is noticeable to the patient 
and sometimes even to the examiner. When the symptoms and signs are definite 
and t)'pical and the sulcus is plainly palpable, there should be no doubt of complete 
rupture but in cases of partial rupture each symptom ma}’’ be milder and each sign 
somewhat more doubtful than in the cases of complete rupture. The doubtful 
character of the findings combined with the presence of a considerable amount of 
power to hold the arm in the scarecrow position (right-angled abduction) rules 


out a complete rupture. 

During the first few nights following a complete rupture the pain is very severe, 
then it becomes a nagging pain, bearable but very annoying. This pain is felt near 
the insertion of the deltoid. It continues without change for months and is 
aggravated by attempts to work.^** The spinatus muscles begin to atrophy afer 
about three weeks. Unless operated on, the patient never completely recovers 
the use of his arm. Codman stated that some courageous men persist in wor mg 
and become free of symptoms in two to five years.’** In a late stage there is no 
tender point, jog or wince. Because of the relatively large number of ruptures 
found at autopsy, Keyes -®‘* doubted that all of them cause symptoins. 

Partial rupture may cause pain and disability for a^ short period an^^ 
become symptomless or may go on to adhesions and a "frozen shou er. 
the latter condition slight abduction is painless but cannot be carried eyon 
point. This is part of the so-called "subacromial bursitis.’ 

Rupture of the long head of the biceps tendon is one end result o com 
rupture of the supraspinatus tendon.**® When rupture occurs the syrnp 
variable.®®" There may be pain, a sudden, loud perceptible snap oi" ° m,iscle 
weakness of the arm. Objectively there may be a bulge of contracted 
depending on whether or not secondary reattachment of the tendon P 
occurred in the bicipital groove. A partially torn biceps tendon J ruoturcd 
more pain through irritating its sheath by friction than does ^ r ^ j,ian 

tendon.®®" This point is illustrated in a case described by Moseley 
with a complete rupture of the supraspinatus tendon which was remained 

years previously he had “the same injury” to the other shou der, v , j 
painful for two years until one day he felt a sudden snap m the shou. 
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noted a swelling of his biceps muscle, after which his shoulder was free of pain. 
The tendon may be displaced instead of ruptured if the lesser tuberosity is worn 
away.^® 

The rupture of the tendon of the long head of the biceps muscle is most often 
caused by friction resulting from a capsular defect, i. e., a rupture of the supra- 
spinatus tendon and erosion of the articular cartilage of the head of the humerus.®®*' 
Secondar}' reattachment of the ruptured tendon to the bicipital groove or the 
transverse humeral ligament usually occurs before complete severance of the 
biceps tendon, because some of the severed and reattached tendons are of the same 
length as nonnal tendons.®® Sometimes, however, rupture occurs before the 
secondar}' reattachment, and the tendon is longer than normal and hence func- 
tionally useless. 

There are two roentgenographic methods for determining whether a supra- 
spinatus tendon is ruptured. Henr}'®® employed soft tissue roentgenographic 
technic using anteroposterior views with the arm in adduction and internal rotation. 
Immediately after the injur}-, fine spicules of bone may be seen near or on tlie 
periosteal outlines of the greater tuberosity at the site of insertion of the supra- 
spinatus tendon in those cases in which the tendon has been torn off the greater 
tuberosity.®® Usually, however, the rupture occurs at the critical portion of the 
tendon, and in tliese cases the roentgenogram appears normal. The humeral head 
is held high in the glenoid cavity.'®® Within several weeks after the injur}- the 
density of the bone of tlie greater tuberosity varies from the normal; atrophy of 
the trabeculae or irregular roughening about the sulcus occurs®® (osteitis of 
Codman).'** Within six months to one year there are found rounding off and loss 
of the greater tuberosity, irregular calcification and occasionally cysts in the cortical 
bone of the head of the humerus. Older lesions may also show thickening of the 
cortex (ebumation of Codman) and rearrangement of the trabeculae.®® 

Lindblom '®® introduced the method of injecting a solution of 6 cc. of a 35 per 
cent solution of diodrast mixed with 1 cc. of 1 per cent procaine hydrocliloride 
solution into the shoulder joint 1 cm. anterolateral to the coracoacromial joint, 
in the direction of the center of the head of the humerus. The arm is moved 
passively to spread the contrast medium, and roentgenograms are taken immedi- 
ately, because the solution is rapidly absorbed. Normally the contrast medium fills 
the cavity of the joint, the tendon sheath of the biceps and the bursa of the sub- 
scapularis muscle. No other communications exist in the normal joint except an 
occasional commvmication with a bursa very rarely found under the infraspinatus 
tendon.®“ In cases of rupture of the supraspinatus tendon, either a finger-like 
projection flows out of the joint cavity or else a free communication exists between 
die joint and the subacromial bursa. 

Treatment . — Credit for the present knowledge of the treatment of complete 
rupture of the supraspinatus tendon must go to Codman. The treatment is 
operative repair, and the best time is immediately after the injury-.®^ When the 
diagnosis was doubtful Codman advised exploratory incision of the bursa with 
local anesthesia. 
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Tlie position of the patient dui'ing operation is important.^** The requirements 
are that the shoulder must be held steady yet the position must permit mobilization 
of the arm to allow all the short rotator tendons of the shoulder to be visualized 
through the small operative incision, as the arm is rotated. Codman’s position 
fulfils these requirements. A heavj'’ sandbag is placed under the affected shoulder 
and another under the hip on the same side, thus turning the patient partly on 
his side with the head and neck falling away from the operative field. The patient 
is placed with the affected shoulder at the side of the table, so that the affected 
arm hangs over the edge to permit its rotation b)'’ an assistant. The whole arm 
is draped so that it can be handled. 

A vertical incision inches (3.8 cm.) long is made over the anterior aspect 
of the head of the humerus with its upper encl near the acromioclavicular joint 
and its lower end at the top of the bicipital groove.^'* The latter point is the most 
anterior prominence when the forearm is flexed to a right angle to the arm and 
placed at a right angle to the table. This position is important too for incising 
the bursa, because if the ann is not in this position it is liable to be internally 
rotated, and then the incision will miss the bursa completely. After the skin and 
muscle are incised hemostasis should be secured before the bursa is entered. The 
latter is opened by a method similar to that employed for opening the peritoneum, 
i. e. b}'’ incision between two forceps. 

When the bursa has been opened, the arm is rotated to visualize all of the 
base of the bursa, and the degree of rupture is then easily ascertained. In an early 
stage (i. e., within two weeks repair is easy. In a late stage, in which retraction 
of the tendon has occurred, it is difficult. The tendon should be mobilized as 
much as possible and then pulled down. Injury to the suprascapular nerve as it 
winds around the lateral border of the spine of the scapula must be avoided. 
Sutures will tear out of the hyaline edge of the falciform border of an old defect, 
so this edge must be pared away before repair is attempted. If the long head o 
the biceps tendon is roughened and not capable of forming a smooth cord, it shou 
be divided and the lower end attached to the bicipital groove and the upper portion 
attached to the supraspinatus tendon so as to help fill the gap. If the biceps ten on 
is intact it should be left alone, so that its function of stabilizing the shouldei ma) 
remain. The other functions of the biceps tendon are maintained when t le ong 
head has been sutured to the bicipital groove. . , 

Heavy silk is probably the best material to use for repair of the de ect m 
tendon,^ but fascia lata has also been employed. If there is no stub o 
on the greater tuberosit}'’ capable of holding sutures, holes should be bore 
greater tuberosity, through which the heavy silk sutures may be passec. _ ^ 

after the rupture the closure of the defect is simple; in a later stage, wien 
is retraction of the tendon it may be necessary also to close the defect rom 
to side. To give the tendon a surface to adhere to, the tuberosity s iou 
roughened,'*^ or even a little slot cut as a new sulcus to which the tendon is 
The roof of the subacromial bursa should be left open to permit the escape o 
which if confined would cause pain.”* Very rarely persistent pam a e^ 
operation may be due to reaction of the tissues about the silk sutures. ”,.,^<. 5 . 
be relieved by opening the bursa with local anesthesia and removing t le ^ 

The saber cut incision dividing the acromion, while giving a better 
converts a minor into a major surgical operation,”’ and Codman a 
It may be useful in cases of old rupture when the surgeon requires a 
exposure. P. D. tyh'Ison makes the inch (3.8 cm.) anterior incision. 
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the rupture is found to he very large he then makes the saber cut incision. 
Codnian found that with an able assistant to rotate the arm adequate exposure was 
supplied by the small anterior incision through the deltoid muscle. There is little 
to support flayer’s contention that this incision weakens the fibers of the deltoid 
muscle anterior to the incision unless, of course, one cuts so low as to divide the 
circunifle.x nerve. 

Regarding the problem of postoperative treatment, there are advocates of both 
abduction and adduction positions. Codman ^ recommended a pad in the axilla 
and a small pillow for the arm and forearm to prevent too much internal rotation. 
After the first night the patient is allowed to assume any position which he finds 
comfortable. The patient is given gradually increasing e.xercise, at first using 
passive movement by bending at tbe hips and letting the arms hang down, so that 
by the end of a week he can bend tbe hips to a right angle. By gently twisting 
and rolling the shoulder be can move it passivelv. During the second week he 
should start swinging the arms actively in the bent-over position. He mav be 
discharged in ten to fourteeii days to continue the stooping exercises until he 
can abduct the arm freely and then should start abduction in the erect position. 
Others have advised immobilization in 60 degrees of abduction for two or three 
weeks after operation and even in 120 degrees for four weeks.-^’' This procedure 
causes an abduction contracture, which, however, will yield in several weeks.-^** 
If any one elects to use abduction he should be certain to remember that the 
abducted arm should be slightly anterior to the coronal plane of the body, i. e., in 
the plane of the scapula. 

One method of treatment of partial rupture is to maintain a complete range 
of movement from the beginning.*' In the early treatment injection of procaine 
hydrochloride into the most tender spot relieves the pain, and the movements can 
then be carried out.^^* Short wave diatliermy is also of use.®® The other method 
of treatment is by immobilization, application of heat and gradually increasing 
e.xercises within die limit of pain.®' Operation offers tiiese patients nothing.^'' 

If there is rupture of the tendon of the long head of the biceps associated with 
an old complete rupture of the supraspinatus tendon, nothing can be done for the 
latter at this late stage, but the biceps tendon should be sutured to die bicipital 
groove or to the short head of the biceps muscle, the coracoid process or both.®® 
For slight tears of the biceps tendon the arm ma}" be immobilized without operation 
in acute flexion for two or three weeks. It is then gradualh- lowered and physical 
dierapAr started. This method reduces the muscular power of the biceps by about 
30 per cent, and the cosmetic effect is poor.®”® McKee ®”® makes the incision for 
repair of a rupture of the supraspinatus tendon also a lower one, over the biceps 
tendon, below the insertion of the pectoralis major muscle. He threads the tendon 
back through its groove and sutures it in the intertubercular sulcus below the notch. 

III. CALCIFlC.\TION OF THE SUPR.ASPIX'ATUS TEXDOX 

Historical Aspects . — Painter in 1905 was the first to recognize calcium 
deposits in roentgenograms of the shoulder. He thought the shadows he observed 
were due to thickening of die subdeltoid bursa. But Codman, who was present 
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at one of Painter’s operations, was the first to realize that the deposit was actually 
in the supraspinatus tendon. 

Pathologic Anatomy. — Gross: Calcium is deposited in the short tendons of the 
shoulder capsule,'^ most frequently in the supraspinatus tendon.’^- On the base 
of the subacromial bursa in the tendon involved there is an elevation with a grayish 
white center and a red turgid periphery, resembling a boil.'® The bursa contains 
a fibrinous exudate. The 'calcium deposit at this stage is soft and creamy'* and 
resembles staphylococcic pus or may be firmer and of the consistency of toothpaste. 
The areas of deposit are frequently multiloculated.*®® The acute symptoms are 
caused by involvement of the base of the subacromial bursa."® The calcium deposit 
may rupture into the subacromial bursa, producing a chemical bursitis,'® and the 
site of rupture ma}'- often be demonstrated at operation."' 

In the subacute and chronic phases there is usualty little abnormality to be 
seen in the bursa. The deposit may have to be located by feeling a swelling.'® 
The deposit is usually cheesy or gritty."® In some cases it will shell out easily, but 
in others it is embedded among the fibers of the tendon,®® requiring curettage. 

Microscopic : Calcium deposits may occur as a number of foci of varying size 
embedded in a tendon which shows fibrosis and is infiltrated with masses of 
chronic inflammatory cells, mostly lymphocytes and plasma cells with a few giant 
cells. The connective tissue may show hyalinization.®* In a case I studied recently 
the tendon contained manj'’ pol 3 nnorphonucIear leukocytes as well as small round 
cells and giant cells. 

Chemical Composition of the Deposits . — Calcium has been reported as occurring 
in the form of calcium carbonate and calcium phosphate (CaslP 04 ]s)/' atid some 
analyses show calcium oxalate.®® The analyses have differed greatly as to the 
proportion in which these calcium salts occur. 

Incidence . — The only reliable figures of incidence are those of Bosworth.' 
Among 6,061 supposedly normal persons of the “white collar” class, calcium was 
found on routine fluoroscopic examination in 165 (2.7 per cent) in one or both 
shoulders. The lesion was found most frequently in the period of greatest activity 
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of adult life, nearly all of his subjects being under 50 years of age. Tin's has been 
corroborated by other authors.'"' It occurs more often in males.®" Among 1,178 
males in Bosworth’s series,'"* the incidence of calcification was 3.6 per cent, while 
among 3,883 females the incidence was only 2.5 per cent. 

Etiology and Pathogenesis. — Occupation : Women typists have a significantly 
higher incidence of calcium deposits than women clerks throughout all age 
groups.'^** “jMillions of years of hereditj- have not yet prepared the modem 
stenographer or machine operator to keep their supraspinatus tendons stretched 
and under tension, on the qui vive, hour after hour, da\- after day.” That is to 
say, long-continued use of the arm in abduction seems to be a predisposing factor. 

Trauma : A single severe trauma does not cause calcification but may precipitate 
acute S 3 -mptoms in an alread\' existing deposit.®® I^Ian\' patients have had known 
calcium deposits in one or both shoulders for months or 3 ’ears prior to an acute 
attack,®' and man 3 ' patients experience a severe attack with no histor 3 ' of trauma.®® 
Man 3 ’ authors have expressed the opinion that minor, often repeated traumas cause 
necrosis and/or Iwalinization due to poor blood supph' and that calcification 
subsequenth* occurs.®® This last would seem to be the most likeh' cause of 
calcification. A later trauma probabh’ initiates the clinical s 3 'ndrome. 

Infection seems to pla 3 ’ no part in the formation of calcium deposits,®® Man 3 ' 
have operated on these deposits and made bacteriologic cultures which have given 
negative results.®* Brickner '*** reported 3 positive results of cultures and Codman 
and Harrington *** 1 culture that 3 'ielded Staph 3 'lococcus aureus. It was later 
admitted that the last one was probabh' contaminated.”* Dickson and Crosb 3 '®® 
expressed the belief tliat an infectious or toxic focus an 3 'vvhere in the bod 3 ' may 
aid in precipitating an attack, but others with wide experience have not agreed witli 
this view.®® To explain why calcification occurs, ^\''ells’s ®* theory- of calcification 
has been invoked.®® It presupposes the presence of a necrotic area. In such an 
area no oxidation occurs. Consequently no carbon dioxide is produced and the 
medium becomes alkaline, causing precipitation of calcium. Calcium values in 
the blood of persons with large deposits of calcium in the supraspinatus tendon, 
some with acute symptoms and others without an 3 ' s 3 'mptoms, all were normal.'*® 

Clinical Features . — A calcium deposit ma 3 ' be present in one of the tendons of tlie 
short rotator cuff witliout any symptoms, or it may give rise to chronic or acute 
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symptoms. The latter may occur suddenly or be superimposed on the former.''^' 
Calcium deposition in a tendon, noticeable in a roentgenogram may develop rapidly, 
within two months.'^" Ihe deposit may immediately give rise to symptoms or nia}'’ 
slowly increase in size for years (seven years in one case) with perhaps only slight 
symptoms.*’" Schujenioff has found calcium deposition in muscles thirt)’-six 
hours after suture. Small deposits may occur and disappear without ever causing 
symptoms, but a very large one (1.5 cm. in profile) will give rise to s 3 anptonis 
before disappearing.’’" By means of roentgenograms calcium deposits have been 
observed to disappear with and without treatment.®" The deposits are temporary 
and leave no residual roentgen changes. Perhaps some of the tendon defects seen at 
autopsy result from absorbed calcium deposits.”' An acutely inflamed deposit may 
rupture into the subacromial bursa, setting up a bursitis."®’’ This may perhaps 
explain the acute attacks in which there is rapid recovery without treatment.”' 

Acute Phase : An acute attack may appear without warning, often daring 
sleep ®’ or during the course of a subacute or chronic attack.®" There is e.xcruciating 
pain on any movement of the arm. This pain is felt over the bursa and over the 
insertion of the deltoid muscle. The deltoid muscle exhibits reflex spasm,®® which 
causes limitation of movement. Voluntary fixation eventually leads to actual con- 
tracture with limitation of movement from this cause."® There is tenderness over 
the .deposit which can be definitelj'^ marked out,’®® and in very acute attacks there 
may be tenderness over the insertion of the deltoid.’®’ Atrophy of the spinatiis 
muscles occurs if the symptoms last more than a few weeks.’®" In the acute stage 
there may be slight fever ’®" and leukocytosis.’®’ A lump ma}'' be felt just medial 
to the greater tuberosity if the deposit occurs in the supraspinatus tendon.”' H 
untreated, the acute phase may last for several weeks and then revert to a chronic 
type, may form adhesions or may clear up rapidly if the deposit ruptures into the 
subacromial bursa.”' 

Chronic Phase ; The onset is insidious. First there is an uncomfortable feeling 
around the shoulder; later it is hard to find a comfortable position in which to icst 
the arm at night during elevation of the arm in the coronal plane.’®" Pain is inost 
often felt at the fibers of insertion of the deltoid muscle,’®" while the maximum 
point of tenderness is over the deposit in the tendon’®’; this is most often cosc 
to the greater tuberosity, since most of the deposits occur in the supraspinatus 
tendon. If there has been a long painful period the whole area becomes .scnsituc, 
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with I'niii'- >iti>ntijii: vti* in!i> tlic r.irk J.t tin- hntul.’'' 'riii-- iui'. ijivcn rise 

to tlic mi^r, enter “lir.'u'hitil ncnt iti-." In ^"nn- tin- hnn<l mtiy ^\v<•l! rmii the .'•kin 

I'ccottte'- ntrejihic.’' " 'I'hetr tnay he a eertnin aiimnit! ef '-jit'.'-in nml iitnitalien of 
abhitctioti aitii extetnal reta!i<'n a! thi'' point. Amite eNaeeihtition'- may ocenr at 
anv time (hirinn tlie ehtottie conr^e. 


-i: /t'.n;!;:!!:.;/;'-'.-.-.--! ■'inoio^eopy ^lionlii he enijtloyed an<! .'•j’ot ioent"en- 
<'t;ratnt- taken.''’ ’i'lie ilepo^it must he seen in ]>r<ilile, or it v.ill 1 h‘ oh^entaal iiy the 
nntlerlvin” hone.”' I’ieoe.- of lead inserte<l in the tendon were .'-hown to he .--nper- 
imj'OM-d on the nnderlvinp hone in many positions of the arm. demonstrating tiie 
need h'r tlnoroseojde examination.' ' Peposits may I>e sinitle or mnltiple anri. if 
liquid, mav he seen to eliaiutf their shape witlt movement.”’’ .'Sometimes at opera- 
tion a milkv lim'd containing; calcium is found in the liursa whicli did not show up on 


roentgen examination.”" 

7'r,a7.'n;ci:/. — .\rute Stauet 'i'he best treatment of the acute attack is )>rompt 
excision of tlie deposit.” In experieticeil hands it is a relatively minor procedure 
which uives immediate, certain and complete relief. Local or general anesthesia 
may he u.^ed." 'I'he average st.ay in the liosjiital is four da\ s,”‘ and the patient can 
return to work with unrestricted motion of the shoulder in three weeks.”" 'I'he 
same incision is used as has been doscrilied for exiiosurc of a ruptured supras]iinaius 
tendon. Heat is a valuable adjuvant and shouhl he ajiplied locally after operation to 
^peed recoverv.”’ Postojieratively only a slim; is usefl.”'’ 

Irrigation hv the two needle metliod of Patterson and Darrach has been 
advocated for acute attacks.’” It is an operative ])rocedure. and. while good results 
have been reported by those who favor the method, it is not very satisfactory for 
solid calcium. The results arc not positive, and the deposit, especially if it is a 
muliiloculated one. may easily he missed.”' 

Chronic Stage: 'I'he cfiicacy of treatment of chronic forms is difilcult to evaluate, 
because the ]iatient will get better whatever line of treatment is followed,®’ and even 
with maltreatment the svmittoms will eventually disappear within, at the most, two 
years.”* Removal of the calcium by operation gives the most satisfactory result, 
although recovery is slower than in the case of an acute deposit.”" The use of an 
overhead pulley aids in regaining alxluction. If the choice is left to the patients, the 
majority will elect some form of heat therapy, and over a period of time they will 
recover.”" Under treatment with diathermy the deposits disappear in two 
and one-half to eleven weeks.”"" but the patient endures intense pain for a week 
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01 so. 1 lie increased vascularit}' and resulting liigli carbon dioxide content of the 
tissue caused by diathermy makes the medium acid, so that calcium is absorbed. 
I he use of immobilization in abduction causes adhesions and is mentioned only to be 
condemned. 

IV. SUBACROMIAL BURSITIS 

2 his subject must be included because the subacromial bursa is so frequently 
involved by lesions affecting primarily^ the tendons of the short rotators of the 
shoulder. Subacromial bursitis never arises as a primary condition. The bursa 
is a limiting structure which is involved only by lesions in the surrounding struc- 
tures.^-^ Codman and Wilson believed that the bursa is more sensitive to pain 
than the surrounding structures. Calcification or rupture of the supraspinatus 
tendon gives rise to a bursitis.^"- These have been adequately considered in the 
preceding sections of this reA'iew. Tuberculosis of the subacromial bursa has been 
described but rarely.^-^ 

It is with trepidation that the last entity is introduced. It is the so-called 
“periarthritis” or “tendinitis” or “frozen shoulder.” This is a condition in which 
ph)'sical examination fails to reveal any swelling or definite point of local tenderness, 
although there may be definite sensitiveness about the shoulder. There is limitation 
of both passive and active abduction. If the shoulder girdle is fixed, abduction 
will not exceed 35 to 45 degrees. If movement is forced, pain is elicited.^"'* When 
the condition is treated by abduction, as advocated by Sir Robert Jones, loud 
snapping sounds are heard, followed by complete freeing of the movements of the 
shoulder.’® If the bursa is opened the results are disappointing. There may be 
adhesions in the bursa, but usually there are none. With the finger on the base 
of the bursa, the snapping of adhesions in the tendinocapsular structure beneath the 
finger may be felt as the arm is manipulated.’® Codman and Wilson both have 
reported occasionally finding the base of the bursa reddened, and they both fe t 
that this represented the onset of the condition. It may also arise as a sequel of 
rupture or calcification of the supraspinatus tendon.®®*' The onset of the condition 
is gradual over the course of sevei'al months. 

In the treatment of the so-called “frozen shoulder,” many authors, nsin,, 
different methods, have rejiorted good results. Given time, two years at tie icr> 
most, and no treatment at all, the condition will clear up by itself.^*' Time is le 
element common to all methods of treatment.^®" However, good treatment v i cu 
down the amount of time required."' Mild forms will clear up with massage, ica 
and exercise.'®® The simjilest and most effective treatment foi the comp e c 
frozen shoulder is the hyperabduction treatment of Codman.'** The 
to bed, the forearm splinted and the splint tied to the head of the bed, w iic ’ 
by blocks under the legs if necessary to secure sufficient extension. A sma 
morphine may be given to secure relaxation but not enough to remove pain ^ 

In twelve to twenty-four hours the spasm, which contributes to the symptoms, ) i 
the adhesions give, the greater tuberosity passes under the acromion anc 
becomes abducted and externally rotated. In a day or two the splint is 
and a bandage is tied loosely around the wrist to the head of the be . k- 
gets up daily and carries out exercises bending forward from the hips anf 
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the arms hang down, 'i'iic patient stays in the hospital until he can move the arm 
about in any direction over the head, ustially one nr two weeks, h'or a few weeks 
alter discharge he takes stooping exercises and sleeps with his arm in an alKluctcd 
position. Wilson also uses a modified form ot the hyperabduction method. 
Heat (diathermy, electric pad or fomentations) may he of some help.'*^ Should the 
patient not wish to go to bed the manipulation method of Moseley will give good 
results for the completely frozen shoulder in a little longer time than the recumbent 
hyperabduction method. In the case of a shoulder involved to a lesser degree it i.s 
probably the method of choice. 'I'he area of the subacromial bursa is infiltrated 
with 50 cc. of 1 per cent solution of procaine hydrochloride, and the shoulder is 
then manipulated, if possible, through its complete range of movement. Manipula- 
tion is followed by twenty minutes of diathermy treatment. The treatment is 
repeated at intervals until the normal range of painless movement is regained. 

127. Codman.’'' Moseley.’''' Roccr?.*’^ 
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To study till’ I'tTccts of Miluidinzine an<l of tlic coinhinatioii of sulfadinziiio and 
ctlier aiicstlicsia on tiio livor. kidney and reticnlo<'ndoiiielial system, tlie followintj 
procedures were employed. 

.MKTlIOn 

Ten iiioiiprcl dnps c.acli wcipliiiip from (iJ to W>.-t Kp. were ti-cd in tlic fir>l c.Nperiment. 
r>!cy>d was witlidrawn for er_vtliroc\ te and leukocyte conin'-, and differential leukocyte and 
platelet counts were made on lilood smears. Determinations of hemoplolnn. liematcKrit readinp. 
icterus inde.\ and I'ri'tliromliin were made. The urine was e.xamined microscopically: the 
heat-acid test for the iiresence of proteins was done, and the acidity or alkalinity was deter- 
mined with litmus jiapcr. 

With the animal under anesthesia imluced with sodium iientoharhital. administered intra- 
venously. the abdomen was opened asei>tically. Four or five prams of liver was e.^cised. and 
the abdomen was elosed. The plyci'pen and total carbohydrates in the liver were determined 
chemically, and sections were stained with nest’s carmine stain for plycopen, in addition to 
routine hematoxylin and eosin stains. 

.•\t intervals durinp the ensuinp two weeks, blood was withdrawn for the determinations 
mentioned previously. 

Beginninp two weeks after operation. 0.1 Gm. of sodium snlfadiarine per kilopram of body 
weight was administered twice daily t<' <> animals for two weeks. The drug was injected sub- 
cutaneously in a 20 per cent acineons solution. During the two week ]>crio<l blood was frequently 
wthdrawn for the determinations listed, and in addition the levels of the dru.g in the blood and 
in the urine were determined. The urine was examined for the presence of pnitcin. blood 
elements and crystals and for the reaction to litmus pai>er. 

Four weeks after the first operation, under drop ether anesthesia, the 6 trcate<l animals 
and the 4 controls were again subjected to laparotomy, and a second biopsy siKcimen was 
obtained from the liver. The animals were maintained in the surgical plane of anesthesia for 
three hours, and at the end of this time the studies of the blood and urine were repeated 
and tlie animals were killed by injection of ether into the heart. The biopsy specimens from 
the liver were studied in the manner previously indicated. 

At autopsy all organs e.xcept the brain, spinal cord, gallbladder, thyroid and parathyroids 
were examined. Specimens of heart, lung, liver, pancreas, spleen, kidney, urinary bladder, 
adrenal, thoracic aorta, inferior vena cava, stomach, small intestine, appendi.x, sternal and 
costal marrow, skeletal muscle and tissues from the area into which the solution of sodium 
sulfadiazine had been injected were taken for microscopic examination. 

The microscopic observations to be described suggested a study to determine whether the 
pathologic changes were due to a combination of sodium sulfadiazine, sodium pentobarbital 
and ether or to sodium sulfadiazine alone. 

To a second group of 8 dogs sodium sulfadiazine was administered as it had been to the 
first group, and treatment was continued up to the time the animal died or was killed. One 
of the treated animals was killed after eight days and 1 after twenty-one days. Deaths of the 
remainder occurred at six, nine, ten. twelve, thirteen and eighteen days. The animals whicli 
died at six and at ten days had minimal bronchopneumonia that might have been a factor 
contributory to the cause of death; the deaths of the others were apparently due to sodium 
sulfadiazine. 

The studies in this second group were limited to the determination of the concentration of- 
sulfadiazine in the blood, the urea nitrogen content of the blood and the arterial pressure as 
measured by femoral puncture. Postmortem examination was done on all animals. In addition 
to the 4 controls noted previously, 4 apparently normal dogs were killed and used as controls 
for histologic examination. 

' ' RESULTS 

1. There were no significant changes in the values for prothrombin, glj-cogen 
or total carbohydrate or in the icterus index. 

2. A normocvdic hyperchromic anemia developed in the 6 treated animals in 
which the blood picture was studied. No significant changes were noted in the 
leukocyte, differential cell or platelet counts. 

3. The urine of all animals was acid -to -litmus paper -and consistently showed 
proteinuria and the presence of blood elements, casts and sulfadiazine crystals. In 
the urine of 6 animals studied on the fourteenth day of treatment, the concentra- 
tions of sulfadiazine ranged from 203 to 240 mg. per hundred cubic centimeters. 
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The maximum concenti ations of sulfadiazine in tlie blood were in general 
high (fig. 1). Ten dogs had maximum levels between 40 and 120 mg. per hundred 
cubic centimeters. Two dogs had maximum levels of 25, 1 a maximum of 20 and 1 
a maximum of 17 mg. per hundred cubic centimeters. 

5. In the S animals of the second group, there was a marked elevation of the 
urea nitrogen content of the blood, (fig. 2) the maximum being 111 mg. per 
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Fig. 1. — Upper chart, concentrations of suif.adiazine in tlie blood of a group of 
animals. Lower chart, concentrations of sulfadiazine in the blood of a group or c.xp 
animals. The time of death (D) or killing (K) is recorded. 


hundred cubic centimeters. This elevation tended to follow the let cl of 
concentration of sulfadiazine (fig. 3). \ • t 

6. There was a moderate elevation of arterial blood pressure (140 jy. 

animals, a slight elevation (130 to 140) in 2 animals and no elevation ( 

in 2 animals. . 

7. Grossly, there was sloughing at the sites of injection of the drug 
half the animals. A minimal lobular pneumonia, as previously nicntionc 
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found in 2 of tlic doi^^ of the scomd ^roup. 'Hiorc ^vcrl• no pntholo-ic chnnr^H-'^ 
otficr than the prejcncc of tine yellow rcfractile ^treakini; in the pyramirls of the 
kidney, crystals in the renal pelves and calicos, and sli.eht swellini: of the renal 
paren'chynia of all animals. Chemical analysis of the crystals showe<l that from 
70 to 75 per cent of the material was free snlfadiar.ine ami that the remainder was 
the combined or acctylated form. 


MG/IOOCC. 



Fig. 2. — Levels of urea nitrogen in the blood. The time of death (.D) or killing (A) is 
recorded. 


MG/IOOCC, 



Fig. 3. — There is a rough correlation between a rising level of urea nitrogen in the blood 
and an elevated level of sulfadiazine. 

8. INIicroscopic pathologic changes were found in the kidneys, spleen, liver, 
heart and bone marrow and in the tissues removed from the site of injection of the 
sodium sulfadiazine. These changes were not present in 8 control dogs. 

The changes in the kidneys of all animals were most striking. The nephron, 
the vascular bed and the stroma were simultaneously affected as early as the sixth 


330 


OF SURGERY 


. "I he cliaracteristics of tliese dniKr^ i 
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^ 8 . 4 . Glomerular granuloma showing inflammatory reaction (x 300 ). 


T]ie tubular system nf nil o * i 

proxinial and distal convolnterl simultaiieouslj' affected, particularly (lie 

were swollen, and the cell ontli ^ tubules. The lining cells 

P 3 'knotic and were often absent distinct. The nuclei were frequent!)- 

mated lining cells ATomr e ti T frequently contained casts of dcsqiin' 

n^ation sinlar to 111^ 01.0.1^ 

effected tubules. ^ omeruli developed in the stroma about the 

matic in its staining qVa'lities'^^^Tl “ kj'aline protein material, wetaebro- 

quently pink or yellow-bro\ • 

into the interstitial tissnoc ti”' areas the protein material bad escaped 

tissues through an area of necrosis of the tubular lining cell.- 
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nnd tlic bascincnl im’inl>raiK’. Innainmatinn in which niniiocvtcs. cpitliciioir] colls, 
lymphocyt'.'s and plasma colls wore prominoiU ocenrrod in those riroas. Later 
fibroblasts trrew in and collaiten was lai<l down, and after twenty-one davs ninlti- 
miclcated tzianl cells developed forininr; a i^iant cell 1 ,’rannloina ( fn:. L). 

Crystals of snlfadiar.ine were found in the cortical and pyr.amid.al tnhnli.s of 12 
dogs. The crystals were present, many times in a ])rotein cast, as high in the 
nephron as the descending loop of Menle. The siilfadiar.ine crystals were found in 
the calicos and jiclves of all animals. .-Xn inllammatory reaction consisting of 
cell elements similar to those which devclojicd in the cortical and pvramidal stroma 
occurred in the submuco.sal tissues of the caliees and iielves of l.i animals ffig. 7). 



Fig. 5. — Glomerular granuloma showing fibrosis (X2S5). 


In the walls of and about sei eral of the renal veins of 9 animals, an inflammatorv 
Teaction developed which was largely mononuclear in type, u-ith occasional poly- 
Tnorphonuclear eosinophils and neutrophils. Often a mural thrombus was attached 
to the walls of veins at sites of inflammation. Several small veins were completely 
thrombosed, and about them fresh hemorrhage was present in the interstitial 
tissues. A similat sort of inflammation affected the hepatic veins of 3 animals, but 
no thrombi were noted. 

About several of the arteries of the kidneys and occasionally about the arteries 
of the heart and the liver there was a perivascular leukocyte reaction consisting 
predominantly of mononuclear leukocytes. Occasionally a few polymorphonuclear 
■eosinophils and neutrophils were present (fig. S). 
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Fig:. 6. — Interstitial giant cell granuloma of the renal cortex (X290). 
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The parenchyma of the liver was normal in appearance in all animals. In 12 
animals the Knpfter cells were fillctl with hemosiderin. 

In the spleen all animals had large amounts of both intracellular and extra- 
cellular hemosiderin. 'J'here was a striking change of the germinal centers 
characterized by the jtresence of cellular debris and mononuclear phagocytes, 
commonly referred to as “to.xic" change. 

The sternal marrow of S animals showed a moderate hyperplasia of all elements, 
particularly of the crythrogenic series. The marrow of 4 animals contained small 
areas of recent hemorrhage. In the marrow of 7 dogs there was a moderate amount 



Fig. S. — Renal artery showing perivascular leukocytic infiltration ( x 580) . 

of hemosiderin in large mononuclear phagocj4es. Five animals had either no 
change or a slight hypoplasia of the marrow. There was a rather marked hypoplasia 
of the sternal marrow of a single dog. There were small areas of necrosis of the 
marrow of another animal, and in these areas large mononuclear phagocytes were 
filled with eosinophilic debris. « 

Occasional granulomas, consisting of hanphocytes. plasma cells, monocj-tes. 
fibroblasts and collagen, were found in the myocardium in 2 animals. The myocar- 
dium of 1 dog was the site of small areas of recent hemorrhage. 

The tissues taken from the sites of injection of the aqueous solution of sodium 
sulfadiazine showed almost no loss of tissue-staining quality. Ciy-stals of sulfa- 
diazine were included in multinucleated foreign body giant cells, and there was a 
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small amouiU of organizing hemorrhage in these areas. The almost complete 
absence of polymorphonuclear neutrophil leukoc}"tes from the inflammatory reaction 
in these areas was striking. The inflammatory reaction was predominantlv mono- 
nuclear in type, consisting of many monocytes and a moderate number of hmipho- 
cytes and ijlasma cells. 

COMMENT 

These studies indicate that sodium sulfadiazine injected subcutaneously into 
dogs produces pathologic changes of the bone marrow, blood, blood ^'essels and 
kidneys. The combination of ether anesthesia and sulfadiazine did not alter the 
changes found following the use of the drug alone. 

That renal physiology is disturbed is suggested by"^ the retention of nitrogenous 
waste products and the elevation of blood pressure in some animals and the 
development of proteinuria and hematuria in all animals. Hematuria often 
occurred prior to the development of sulfadiazine crystals in the urine and indicated 
a primary injury to the renal structures, independent of the effect of tubular 
obstruction produced by the precipitation of sulfadiazine crystals in the nephron. 
That sulfadiazine is retained by damaged kidneys is suggested by the high blood 
levels that developed late in the period of administration. 

Sulfadiazine crystals were precipitated not only in the pelvis and collecting 
tubules but as high in the nephron as the descending loop of Henle. Main 
subcapsular tubules contained the ciystals. Acidity of the urine may be an important 
factor affecting the precipitation of this drug, and further studies are desirable to 
ascertain whether the renal damage can be controlled by alkalinization of the urine. 

The inflammatory reaction and the granulomas which occurred in the stroma 
about degenerating tubules and about the pelvis and calices is probably cue o 
irritation by the drug or its product that has escaped into the stroma. 
inflammations are characterized by the predominance of mononuclear 
It is noteworthy that a similar inflammation occurred in the tissues at t ie si 
injection of the aqueous solution of the sodium sulfadiazine. This sugges s 
both are due to the sulfadiazine or to some changed form of the drug. 

The damage to glomeruli and tubules may terminate in the destruction o 
structures with formation of a granulomatous lesion, and recoveiy o a nep 
thus scarred seems unlikely. However, most nephrons are not scarre . 

Deaths of at least 4 dogs, and probably of 6, of the second 
attributed to sodium sulfadiazine and were evidently the consequence o 
to the kidneys and the resultant uremia. _ ■ • i -e Tiwt 

The mechanism of the development of hyperchromic anemia is P (Pe 

erythrocytes are destro 3 ^ed is indicated by the presence of in 

bone marrow, the spleen and the liver. The hyperplasia of the jone 
some animals is probabl}' a response to the destruction of erythroc} es. 

SUMMARY AND CONCLUSIONS 

of 

Dogs given subcutaneous injections of a 20 per cent aqueous {-cntiiuctcr.'- 

sulfadiazine had initial blood levels of 10 to 25 mg. per hundred ™ in 

Within a few days renal insufficiency with rising levels of urea aiv ^ diowed 
the blood -set in, aiid several of the dogs died in one to three n ee %.s. • 
a rise in arterial blood pressure ; all showed proteinuria and icina i^ an<! 

In addition to the deposits of sulfadiazine precipitated in t le and 

renal pelvis with granulomatous reactions about them, there ,-c.'icii"n 

even some glomerular granuloma.s. Instances of phlebitis aiu m 
in the kidrun' and other viscera were more numerous than t lose rt 
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investigations of the tosicity of sulfonamide compounds. Focal necrosis in i)one 
marrow occurred in 1 of 14 dogs, and hypoplasia of the hone marrow occurred in 
another. All animals had evidence of hemolytic anemia. Degenerating germinal 
centers were present in the spleen in nearly all. 

Although there was no change in platelets or prothrombin, some visceral 
petechial hemorrhages were noted. There was no apparent damage to the liver. 

The dog. which has an acid urine, shows unusually severe renal damage from 
doses of sulfadiazine within the therapeutic range. Extrarcnal perivascular inflam- 
mation is also striking. The relative importance of parenteral deix)sits of the drug 
and of the aciditv of the urine as factors predisposing to these severe lesions has 
not been determined. 
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\A omen are aftected more frequentl)’’ than men. Grouping the statistics of 
1 om largest gioiips of cases reported," we find the ratio to be 142 women to 
107 men. Of the patients in the group on which we are reporting, 4 were women 
and 6 were men. 

The incidence is greatest among those from 50 to 60 years of age. The aver- 
this series was 55.9 j'^ears, with the )'oungest patient 31 and the oldest 
73 years of age. Keyes reported 57 years as the average age ; Raiford,^*^ 48.9 
years. All investigators have noted a wide variation in age. 

Sufficient data have accumulated to establish antecedent lesions as important 
causative agents of anal carcinoma. Drueck went so far as to say that such a 
tumor alwa)fs arises on the basis of some previous condition characterized b.v 
chronic irritation. Buie and Brust ’’’ noted a history of an antecedent lesion in 
34 of their 51 cases. As stressed by Rosser “ and observed by man)^ others, ■* 
chronic fistulas and scars resulting from fistulectom}'^ are the lesions which have 
given rise to carcinoma most often. Carcinoma may also arise on the basis of 
leukoplakia, a fissure,®" hemorrhoids,®" venereal cond3doma or an irradiation 
scar.®" 

The clinical significance of these causatir^e factors warrants consideration. 
From a diagnostic viewpoint, carcinoma should be kept in mind in dealing with 
all rectal and anal lesions, no matter how obviously benign they ma}' appear. A 
biopsy should be made whenever there is the slightest suspicion of malignancv- 
Chronicity alone is an ample indication for the microscopic examination of a lesion. 
All tissue removed during the operative treatment of a supposedly benign lesion 
should be sent for pathologic diagnosis. This practice is followed at the Maio 
Clinic, where it has led to the detection of carcinoma in at least 1 case after niicio- 
scopic examination of supposed hemorrhoidal tissue.^*' The pressure of mahgnan 
growth was not suspected when the hemorrhoidectomy was performed. 

After treatment, operative or conservative, of a benign lesion, it is wise to ha'C 
the patient report his condition at intei'vals. If this is not feasible, be sbon ^ 
instructed to seek medical attention promptly if symptoms appear again, foi 
later episode may possibly be the first evidence of a carcinoma rather than a nicr 
recurrence of the original condition. 

Several epidermoid carcinomas arising in irradiated anal skin ha've )cc 
reported.®" It is worthy of note that carcinoma has not been reported arising 
a basis of uncomplicated pruritus."' .. 

Wassermann tests of the blood gave positive results in 3 cases of anal epit ic loi 
reported by Hankins. He and several others have expressed the 
syphilis plays a causative role. Whether or not this is true, one shou ^^’”5 ,,, 

that anal cancer may masquerade as syphilis. Wassermann tests of the 
negative results in S of our cases and were not made in the remaining 

One of the 10 patients whose cases we are presenting had a history ® 
rent fistula dating back twentj' years. An antecedent lesion was not men loi 
the other 9 patients. 

2. (a) Keyes, E. L.: Squamous Cell Carcinoma of the Lower Rectum 'A. A- 

Surg. 106:1046-1058 (Dec.) 1937. {b) Bensaude, R.; Cain, A.; Oury, 1 ., mw i 

Le cancer de I’anus, Presse raed. 41:1837-1842 (Nov. IS) 1933. '"wri r ) 1940. 

Cell Carcinoma of the Anorectal Region, Texas State J. lifed. 3C:54S-aa ( e 


Raiford.^e 


19 .’'.= •. (' ! 


3. Rosser, C. : (a) Cancer of the Anal Canal, South, rtf. J. 28:a-/-a- J 30 ; 20 L-''' 

Fistula: .An Etiologic Factor in Cancer of the Anal Canal, i, 3 pi’l : 

(July) 1934; (c) The Etiology of Anal Cancer, Am. J. Surg. “ A"' joji 

Relation of Fistula in .Ano to Cancer of Anal Canal. Tr. Am. Proct. Soc. 


4. Raiford.^r Hankins and Harding.’^ Keyes."'* 
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There is no svmptom complex characteristic of anal carcinoma. Rectal pain, 
occurring chiefly at stool, is the most irctiucnt ]>rescnting symptom. Small, 
repeated rectal hemorrhages are commonly observed. These may take the form 
of a persistent bloodv. mucoid anal discharge. Diarrhea or constipation ma\ he 
noted, the former more frec]uently. However, by diarrhea the patient most likeK 
means the frequent passage of small stools or an anal discharge such as has already 
been described rather than true diarrhea. Itching and irritation around the anus 
often occur. Less commonly, an anal tumor is the presenting complaint, while 
in several of the cases reported in the literature '■ enlarged inguinal nodes first 
attracted the patient's attention. 

Six of the patients in our series complained of rectal bleeding. 5 of rectal pain. 
4 of diarrhea, 3 of loss of weight, 2 of hemorrhoids. 2 of constipation. 1 of rectal 
prolapse, 1 of fistula and 1 of anal discharge. These symptoms may occur singly 
or in any combination. It is obvious that they are no more typical of carcinoma 
than they are of a number of other rectal diseases. 



Fig. 1. — An additional tumor seen in 1941. Epidermoid carcinoma of the anus extending into 
the right ischiorectal fossa and presenting as an ulcerating cutaneous lesion. 

Buie and Brust reported the average duration of symptoms prior to the time 
of seeking medical attention as eleven months; Keyes,-“ as. eighteen months. In the 
9 cases of this series in which figures were available, the average duration of symp- 
toms was twelve months. However, in 7 of these 9 cases the duration was three 
months or less. 

There is a wide variation in tire gross appearance of this type of epidermoid 
carcinoma (fig. 1). It may simulate a fistula, fissure, chancre, condyloma or 
hemorrhoid or any other anorectal disease, including, of course, adenocarcinoma. 
In general the growth tends to be of one of two types : It mat- be nodular or warty, 
or it may be flat or craterous. The elevated tumor is often ulcerated ; the flat one, 
nearly always so. Both types are usually of firm consistency, the flat tumor having 
a bard, granulating base and a firm, rolled edge. It does not seem profitable to 
enter into further descriptive detail since this aspect of the subject has been so ably 
dealt with el.sewhere. Bensaude and his associates presented a complete gross 
desciiption, illustrated by numerous accurate and distinct color reproductions. 
1 he pajicrs of Raiford and Drueck also contain full descriptions of the gross 
.appearance. Positive diagnosis can Ite established only bv microscopic sections. 


r. Keyes.-^ licnsnuclc and others.-'’ 
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Anatomically, the term anus is being used in its broad sense and refers to the 
perianal and anal skin as well as to the anal canal, which extends upward for a 
shoit distance beyond the mucocutaneous junction. Accordingl}^, anal carcinomas 
arising from the anal or perianal skin may be located entirely externally, while 
those arising at the mucocutaneous juncture, a far more common site of origin, 
tend to extend upward into the anal canal and often into the lower part of the 
rectum. Wc feel that the histologic nature of the tumor is more important than 
its precise location when one is deciding whether or not a growth is anal. A 
squamous cell tumor in the anal canal or the lower part of the rectum may safcl.v 
be assumed to have arisen in the anal skin or mucocutaneous junction, though it 
comes to lie predominately above theses sites. In rare instances a primary epider- 
moid carcinoma may be found in the colon or the upper part of the rectum. The 
origin of such a tumor is to be explained only on the basis of cellular metaplasia.'’ 
An instance of a growth in this location is included in the group of 10 cases which 
we are presenting, not because we believe that the tumor in this case was related 
to the anus in any way but because we feel that the rarity of the situation warrants 
reporting the case. 

Epidermoid carcinoma of the anus is similar histologically to epidermoid carci- 
noma of the skin elsewhere on the body. Some of the growths are well diflcren- 
tiated, being characterized by a uniform t 3 q)e of cell and by epithelial pearls (fig. 2). 
Conversely, others exhibit a cellular arrangement devoid of order, with a marked 
variation in the size and shape of individual cells; numerous giant cells and ce^ 
nuclei in all states of mitosis may be present (fig. 3). Still other tumors luay 
show histologic types lying anywhere hetween these extremes of differentiation. 
Also, the degree of differentiation may vary within the same tumor, as was nol« 
in 2 of our 10 cases (cases 4 and 6). This variation in histologic natuic ma) 
best be expressed in terms of grading. Kerr,-" on the basis of Broders 
found that in the 80 cases of squamous cell carcinoma of his series in which ‘ 
were available 4 growths were of grade 1, 17 of grade 2, 41 of grade . anc 
grade 4. . , v 

The tumors in the 10 cases which wc are reporting were studied anc gia« 
microscopically in the laboratory of Dr. Shields Warren. Five of the tumois v 
found to be of grade 1, 1 of grade 2 and 2 of grade 3. The remaining u' 
varied within themselves, 1 showing characteristics of grades 1 an a 
other of gx'ades 2 and 3. The possible value of grading in relation to rca i 

be referred to later, ' i . >r of 

Too great emphasis cannot be placed on the importance of t ic 


railed 

rere 


spread of epidermoid carcinoma of the anus, both locally and by 
this is the basis for treatment. Locally, it may^ invade the sphinctci am 
perianal tissue, the rectovaginal septum or the prostate gland, oi it m.i) 
upward into the rectal rvall and rectum. (.fistase^ 

Metastasis may" occur by way of lyunphatics or blood vessels.^ '"invasion 
may' be blood borne has been established bcyfoncl any doubt. 1 uinorous ^ 
of blood vessels (fig. 4) was noted microscopically in the sections Mhrouch d'c 
cases (cases 9 and 10). Further and conclusive evidtmee is prow c 
fact that metastases to the liver have been observed.' Ihesc coni • - 


occurred by any route except that of the portal collected 


tascs to the liver were noted onlj' twice in a group of over 2W iiid.'i'' 

from the literature of the last decade. It is thus apparent that > ooi 


6. M.nnninK, V. R. : Adenocarcinoma of the 
Raiford.’'^ 

7. Bnic and I>nist.’>' Bensaude and others.-'' 


Anii.s Tr. Am. Prod. Snc. 38:;0-/-’. 
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tases are sufficiently unconinion for t!ie possibility of their ])resence to be disrcgarclecl 
when treatment of the initial lesion is contemplated. In both our cases in whicli 
invasion of blood vessels was noted microscopically, abdominoperineal resection 
was performed, so that abdominal exploration was possible. Xo evidence of 
metastatic tumor was noted in the abdomen of either patient. I’llood-borne 
metastases to other organs are rare. 

On the other hand, lymphatic metastases are common, and it is the possible 
or actual presence of these which is most important in the formulation of any 



I'ig. 2 (case 4). — This tumor is well differentiated. The cells are uniform, but many mitotic 
flares are noted. Epithelial pearls are present. The tumor was graded 1 and 2 on the' basis of 
this and other sections. The growth had invaded 'the rectum and metastasized to a node S cm. 
abo\ e. The patient died of recurrence in the posterior wound four months after abdominoperineal 
resection. 

plan of treatment. The lymphatic routes of spread of epidermoid carcinoma of 
the rums are well known and have recently been described in detail by Ket'es.^'^' 
He stressed the fact that metastases from such a tumor are confined almost tvitli- 
out exception to the downward and lateral zones of spread described by iSIiles ® 

S. The Pathologj- of the Spread of Cancer of the Rectum and Its Bearing 

upon the ..urgery oi the C.anccrous Rectum. Surg.. Gynec & Obst. 52:350-359 (Feb.) 1931. 
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tlie inguinal nodes of that sidc.^ 1 his site of jKissiljlc metastasis sliould al\vay> 
be kept in mind and the inguinal nodes examined in every case of carcinoma of tiie 
anus. The exact location of a tumor has much to do with the path its metastases 
take. Tumors below the mucocutaneous junction metastasize to the inguinal nodes 
most frequentlv, while tumors above the junction much less commonly involve 
these nodes but seem to prefer the perirectal tissues. 

The only figures of significance relating to the incidence of metastases are those 
of Keyes.=“ iNIetastases occurred in 19. or 70 per cent, of his 27 cases. The impor- 



V V ' >■ . ‘ 

-I'# ' 

■» 7. - Ui. ' . ^ 

rig. 4 (case lOt. — In the center ot the section, tumor cells can be clearh- seen in a blood 
vessel. On the basis of this and other sections the tumor was classed as grade 3. An abdomin- 
operineal resection was performed, but the tumor had invaded the prostate gland and could not 
be cntirel) eradicated. The patient has survived six months and has shown no evidence of 
recurrence up to date. 

tance of these figures cannot be too strongly emphasized. This high occurrence 
laic of epidennoid metastasis makes it obligatory for the phvsician to regard everv 
patient with epidermoid carcinoma of the anus as ha\Tng metastases in one or more 

-jr o’- Gcnito-Ano-Rcctal Lymphatics, Tr. Am. Proct. Soc. 
oo:Sc‘-vO, 19o?. 
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of the regions listed, no matter what may be his conclusions regarding the primary 
tumor. We feel certain that the failure to recognize these possibilities and the 
consequent failure to provide for them in the plan of treatment Irave figured promi- 
nently among the causes of poor end results. 

Many investigators have pointed out that metastases from squamous cell 
carcinoma of the anus do not involve the upward zone of spread of Miles. Keyes 
found that the highest metastasis in his series was located less than 14 cm. above 
the anus and that this was from a lesion which extended 8 cm. up into the rectum. 
In 1 of our 10 cases (case 4) a metastatic tumor was noted involving a lymph node 
8 cm. above the anus. The primary lesion in this case extended up into the rectum. 
These sites of metastasis are much higher than usual and, for practical purposes, 
may be assumed to represent the extremes of upward extension. Anatomically, 
the upper extreme may be considered to lie somewhat above the level of the pelvic 
peritoneal reflection off the rectum. This has an important bearing on surgical 
treatment and will be referred to again in that connection. The nodes most fre- 
quently involved are those in the ischiorectal tissues immediatel}' surrounding the 
anal canal. 


These opinions and observations relating to metastases are in agreement with 
those expressed by most writers on this subject. There is some difference ot 
opinion as to whether metastases occur early or late. In 1 of the cases of our 
series, inguinal metastases appeared five months after rectal resection. On the 
other hand, in 2 of the cases reported by Keyes,-'* inguinal metastases were noted 
four years after surgical removal of the primary tumor. Fischel noted inguinal 
metastasis in 2 of his cases after rectal resection. These metastases appeared two 
3 ’ears and four years respective!}!- after surgical treatment. There is no way of deter- 
mining when the inguinal implantation actuall}' occurred in these cases, but it is 
probable that they' were present for some time before they became noticeab e. 
This viewpoint is supiJorted by the studies of Coller and his associates, u lo 
demonstrated the presence of metastatic carcinoma in nodes which were not cuu 
cally enlarged and which in many instances were so small that they cou d >2 
demonstrated only through treatment of the tissues by a special clearing 
According, clinical estimates as to when metastases are most likely 
as to whether or not they have occurred are no better than guesses. It follows, 
that to cover the common eventualities one must deal with every case as t lOii-, 
metastases had already occurred, whether or not they are present clinica }• 
Enlargement of the inguinal nodes may be on an inflammatory basis anc 
not necessarily indicate a metastatic tumor. In several instances, ■“ 
sections have been performed for enlarged inguinal nodes associated wi^ 
noma of the anus and the dissected nodes have been found to shorv ^ r 
matory' changes. This possibility^ is mentioned only' for its interest aiK o 
should not be allowed to influence one’s decision for or against inpuna ( is ^ 

Metastatic involvement of the inguinal glands may' occur in P’"** 2 *'pjj(icnls 
adenocarcinoma of the rectum or colon. We have observed this m Pj^ 
with cancer of the rectum, in 1 with cancer of the rectosigmoid and in a our 
cancer of the hepatic flexure of the colon. Both of the patients with rcc a^^ 
had e-xtensive involvement of the regional lymph nodes in the zfinc o ^ 

.spread, which suggests that the lateral and downward spread ^ ,..'.' 1 - 

lilocked lymphatics above. The malignant e.xtension in the other - pn ’ 


10. Raifortl.''' Keyes. ^ . 

11. Fiscliel, E. ; Cancer of the Rectum, J. Mi.'jsouri M. A. 33:419-423 f.Vu'.) 19- >■ ^ r 

12. Coller. F. A.: Kay, E. B., and MacIntyre, R. S.i RcRtonal Lymi.hatic ■<- 

Carcinoma of the Rectum, Surgery 8:294-.3tl f.Atisi.) 1940. 
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by means of the peritoneum, since gravity inctastascs were I'ouiul in the lower 
part o£ the abdomen extending into the inguinal canal and to the inguinal lymph 
nodes. Three of these patients arc dead, and the fourth is living, twenty-eight 
months after a !Miles resection, with intrapcritoncal and inguinal mctastases. 

Of the 10 cases of epidermoid carcinoma which we arc reporting, metastascs 
were demonstrable in 2 through the pathologic examination of tissue removed at 
operation. In 1 of these 2 instances (case 4) there were 9 normal lymph nodes 
and 1 containing tumor tissue, the tumor-laden node being located S cm. above 
the anus. The primar}' tumor here was situated in the anal canal and the lowest 
portion of the rectum. A Lahey two stage abdominoperineal resection was 
perfonned, but the tumor recurred in the posterior wound and was eventually 
fatal. In the other case (case 5) 3 of 7 lymph nodes showed metastasis, these 
nodes being situated in the perirectal fatty tissue. The patient died eight days 
after operation. Autopsy was not permitted in either of these cases. In the 
first of these 2 cases the tumor contained areas classed as grade 1 and other 
areas classed as grade 2. In the second case the tumor was classed as grade 1. 
Both the tumors were large and appeared to be growths of fairly long standing. 

Involvement of inguinal nodes was not observed in any of our 10 cases when 
the patients were first examined at the Lahej* Clinic. However. 1 of the patients 
(case 6) , on whom a Miles abdominoperineal resection was performed five months 
ago, has just returned to the clinic complaining of masses in both groins. After 
excisioii one of these masses was found to be carcinomatous, while the other 
showed only inflammator}- changes. In this case the primary tumor, showing 
characteristics of both grade 2 and grade 3, originated at the mucocutaneous 
junction and was protruding from the anus at the time of the patient’s first 
examination. It did not extend up into the rectum. To date in none of the 
remaining cases has there been evidence of inguinal metastases, but it is a distinct 
possibility that such metastases ma}- yet make their appearance. 

.-Vbdominal exploration was performed in 8 of the 10 cases and failed to reveal 
abdominal metastases in any instance. 

In the most recent of our cases (case 10) the tumor was found to have invaded 
the prostatic capsule so that complete removal was impossible. No final statistics 
can be given as regards metastases. since in only 2 of our 10 cases has five years 
or more elapsed since the date of treatment. 


Treatment . — Epidermoid carcinoma of the anus is fairly radiosensitive, as is 
the same type of tumor when it occurs elsewhere in the body. Some writers 
have advocated therapy by irradiation alone as offering the best chance of cure. 
Usuallj- radium in some form has l>een preferred for the control of the primar}* 
lesion and inguinal nodes. Interstitial radium applied as radon needles appears 
to be very effective in producing regression of the primar}^ tumor. Radium 
clement may be administered to the primary growth by means of a perineal appli- 
cator or a proctostat. The inguinal nodes have been most frequentlv treated 
with roentgen rays, but radium applicators and radon seed have been used as 
well. Most workers have administered roentgen therapy to the pelvis in addition 
to the aforementioned measures. 

Dosages and methods have varied so with individual investigators that we 
shall not at tempt to present further details. For a description of specific dosages 


13. (fl) Bacon. H. E.: The 
.•\nus, Rectum and Sitmioid Colon, 
FiKiinntc /. 


Proent Status of Radiation Therapy in Carcinoma of the 
.\m. J. Digest. Dis. 5: Nutrition 3:255-257 (June) 1936. (h) 
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and technics, the reader is referred to the paj)er by J3acon,^‘‘'‘ in which the methods 
used by several of the better Icnown investigators are presented. 

Ihe immediate response to radiation treatment nia}' be noted in many cases, 
and cure may be obtained in some cases by this means alone. 

Bensaude and his associates have reported the results in 20 patients treated 
with interstitiall}' ijiserted melon needles plus radium administered a perineal 
applicator. No details of the treatment of individual patients is given. Of the 20 
patients, 1 was free of disease after ten years, 3 after five years, 2 after two 3'ears, 
1 after one and one-half years and 1 after one 3'car following treatment. In other 
words, 8 patients were free of disease but onl3' 4 of these, or 16 per cent of the 
whole group, had been followed as long as five 3'ears. On the other hand, in 8 
patients tumor recurred at the original site or in the nearb3'- l3miph nodes. In tiie 
remaining 4 patients the primar}^ lesions failed to regress under irradiation treat- 
mejit. Therefore, although statistics are incomplete so far as regards five year 
survivals, it is fairly certain that at least 12 of the 20, or 60 per cent of the 
patients, were doomed, either through recurrence of disease or through failure of 
response of the lesion to initial treatment. 

The failure of epidermoid carcinoma of the anus to respond to irradiation 
in some instances has been noted b}^ others.® In 11 of the cases of Buie and 
Brust,’*’ irradiation was the onl}' method emplo3'ed for destruction of the tumor. 
In 5 of the patients metastases had developed; 5 were free of disease, and 1 
was being treated palliativel3^ None of them had been followed five }'ears. 

In the cases reported in the literature the greatest jjroportion of tlie patients 
who have been subjected to irradiation have been followed for from a few mont is 
up to about four years. We can draw no final conclusions from these cases, 
since it has been repeatedl}' observed that fatal metastases ma}’’ not make tliciv 
appearance until the third to the fifth 3'ear following treatment. However, ncgatnc 
conclusions can be reached, for in almost half of the cases in which irradiation was 
used recurrences had taken place within the first 3'car or two follown'ng trcatnicn ^ 
Ke}rcs has noted that inguinal metastases arc not amcnal)]c to cure 1)3’ irradiation 
or b)’ surgical operation, once the}' are clinicall}' present. 

The discomfort incident to irradiation is severe in most cases. ^ 

From these considerations we must conclude that present metliods 0 
therap}' result in eradication of tumor in apprcciablv less than 50 pci cent 0 
cases. This evaluation ma}' have to be revised pending the appearance m 
literature of more complete reports. . _ . pf 

Some have favored complete reliance on surgical removal, c.xccpt in t le ^ 
inoperable lesions or inoperable recurrences. I hose holding ibis ^p.5, 

favored some form of rectal resection plus dissection of the inguinal 3inp' 
d'he t3'pc of rectal resection advised has ranged from the 
operation of Miles to a posterior e.xcision with the formation 0 a P 


colostomy opening. _ , 1. i- -intr k'cn 

Keyes noted recurrences in 1 1 of his 27 cases, surgical methne s ia\ ^ 

cnip}o3'cd. 'I'hc.se recurrent growths appeared either in the 

or in the groin. 'J'he onl\’ e.xception was in 1 ca.se with question.n c 

to the lungs. Si,\ patients of the group were free of disea.se when as c.^>_ 

The follow-up period varie<l from about one and a halt to three .nu a 
^'1 — , rltcc.-timi'i in adrlitioii to tlu' o • 


pauem.s. ^\o conclusions can ne orawn as ^ j 

of jirocedures were employed in the cases in which recurrence" "P 
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Four of the patients in a series of 43 rcj>ortccl on by Buie and Brust were 
alive after five years. In 1 case local destruction of the lesion with cautery was 
•carried out and -a colostomy was done; in another local excision plus roentgen 
therapy was used and in the remaining 2 posterior excision of the rectum was done. 
Of the' 43 patients. 14 were treated by operation alone. Xine of the 14 were free of 
disease from five months to seven years. Three patients died, and 2 were not 
followed. 

All of the 10 patients comprising the Lahey Clinic group were treated by oper- 
ation alone. One patient is living and well ten years and another six years after 
treatnrent, both having had colostomy and posterior rectal resection. Three patients 
died. One of these (case 3) had had' a loop colostomy and refused further treatment 
of any sort. There was 1 postoperative death (case 5) after a second stage Lahey 
resection. The third death (case 4) vvas due to recurrence in the wound. A two 
stage Lahev resection had been done in this instance. Recurrence in the site of the 
posterior wound led to resection of the coccyx, but a second recurrence was latal. 

One patient (case 6), already referred to, is in the hospital now with incurable 
inguinal metastases which appeared five months after a Miles abdominoperineal 
resection was performed. 

The remaining 4 patients are well to date, having survived free of disease for 
from six months to three years and four months. To summarize our present results, 
6 patients are well .after from six months to ten years and a seventh is living with 
extensive metastases to the groin. 

It is obvious that these surgical resirlts do not lend themselves to final evaluation. 
However, several important conclusions are evident. In general, the operative 
procedures performed iir the past and at present are not extensive enough to 
eradicate all tumor tissue in the average case. Such an operation as excision of 
the lesion with the cautery or posterior excision of the rectum will yield cures in 
the earliest, most favorable cases but when applied to average cases will push the 
number of recurrences up to a formidable figure. We may further conclude that 
metastases when clinically present cannot be eradicated by a surgical operation. 
Important is the fact that almost all observers to date have remarked on the rant}- of 
intra-abdominal metastases. Abdominal exploration was performed in 8 of our 10 
cases, and gave negative results in evert- instance. Summarizing results to date, 
operation alone has been more effective than irradiation alone. These results point 
toward radical operation as the type of therapt' offering the best prognosis. 

Therapeutic combinations of irradiation and surgical intervention have been 
widely employed. Raiford suggested external irradiation followed by radical 
surgical intervention. Hayden advised surgical resection of the rectum followed 
by roentgen therapy to the inguinal lymph nodes. The possible combinations are 
numerous, as is shown bj- the variation in the treatment administered in the cases 
reported by Buie and Brust.''> This multiplicity of methods makes any attempt at 
evaluation worthless. Buie and Brust concluded that either surgical treatment 
or irradiation is satisfactory if applied with sufficient aggressiveness. 

Hankins suggested that surgical treatment is best in dealing with tumors of 
grades 1 and 2 but that irradiation is more effective against grades 3 and 4. Kerr 
has clearly shown what we would naturally expect, namelv. that the mortalit}- rate 
is much higher with tumors of grades 3 and 4 than with' those of grades 1 and 2. 
The former tumors metastasize earlier and more widely. However, metastases are 
common \\ ith tumors of low er grade malignanc}' ; hence one has no right to emplov 
a more conservative type of surgical treatment for tumors of these grades. X*or doe's 
U seem reasonable to abandon operation in favor of irradiation for'’ tumors of grades 
3 and 4 because their malignancy is greater and their mortalitj- higher. Few of 
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these can be cured by irradiation, while a considerable number are amenable to 
ladical surgical treatment,^ We believe that grading of anal carcinoma is valuable 
in foimulating a prognosis. But when one uses it as a guide to determine the 
method of therapy to be einplo)'-ed one is attempting to draw lines where no definite 
lines can be drawn. We believe radical surgical treatment offers the patient the 
best chance of cure, regardless of the histologic gradation of his tumor, and we 
believe that all patients with operable lesions are entitled to this type of treatment. 

In attempting to formulate such a plan 6f surgical treatment it is necessary 
first to define the potential extent of the pathologic process to be eradicated. The 
primary tumor must be dealt with, including the surrounding tissues whidi may 
be involved by direct extension. These tissues include the anal skin and a wide 
area of perianal skin, the anal sphincter, the rectum, the ischiorectal fat, the 
levator ani muscles and usually the posterior wall of the vagina. Possible sites 
of lymphatic metastases must be taken into account. These include the lymph 
nodes in the ischiorectal fat and the levator ani muscles, the rectorectal nodes, 
the mesocolic nodes and any nodes lying under the peritoneum of the pelvic floor. 
Also, one must include the nodes of both inguinal regions and the iliac glands. 

Removal of the tissues just enumerated will require two operative procedures, 
an abdominoperineal resection and a bilateral inguinal dissection. The method of 
abdominoperineal resection described by^ Miles is adequate for the treatment of the 
lesion itself and the regional metastases which way be present Any one of 
several other methods are also adequate, provided they are as radical as the 
procedure of Miles. A permanent abdominal colostomy opening should be made m 
all cases. The inguinal dissection should include both the femoral, inguinal and 
iliac nodes along with the surrounding fatty tissue. No effort is made to remove 
the ly^mphatic vessels leading from the anus to the groin. 

Both these procedures should be performed in every case of an opera jc 
tumor in which cure is possible and feasible. Delations from this approac \ 
should be limited strictly to cases in which the lesion is obviously beyond cure 
and the only^ goal is palliative relief. We have no hesitancy in performing 
inguinal dissection when the glands are kjiown to be invoh'ed for the re ic o 
pain or to avoid ulceration. . . . 

The inguinal dissection should follow the abdominoperineal operation, vi ' 
at least seven day's intervening. The dissection will be a prophylactic 
in most instances but is nevertheless essential in every' case. Enlarged inguim^ 
nodes are no contraindication to the dissection, since the nodes may e m an 
matory' and it is only' through such a dissection that the presence or a .scncc 
metastases to the groin can be established. _ 1 ^. 

Contraindications to operation are few. A tumor is considered inopera > c o 
if it has obviously invaded some structure, such as the prostate or broa ^ 
from which it cannot be resected. Rarely' will a patient be found •who is o 
an operative risk to be subjected to a surgical procedure. 

We feel that irradiation should be reserved for patients who, for 
foregoing reasons, cannot be operated on and for patients having a 
recurrent tumor. In cases of operable cancer irradiation may be used as an . 
to but not as a substitute for radical operation. We have had no cxpcri i 
preoperative or postoperative irradiation. 


COMMENT 

As has been brought out, the foregoing discu.s.sion deals .,,^1 

cell, or epidermoid, carcinoma. The clinical di.stinctions between t ns _ , . 

tumor and other typc.s, such as ba.sal cell carcinoma and adenocarcinoma, a 
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great as the histologic differences would imply. All these tumors show a tendency 
to metastasize to the lymph nodes in the groin as well as to the nodes about the 
anus and the lower part of the rectum, .•\dcnocarcinoma. as Keyes ixiinied out. 
differs from epidermoid carcinoma in that it fairly often spreads to the lymiih 
nodes of the sigmoid mesocolon and to the liver. Basal cell carcinoma, on the 
other hand, remains localized as a rule and has a much lower incidence of metas- 
tases than does squamous cell carcinoma. Instances of metastascs to the groin 
from an anal basal cell tumor have been reported, however. 

We are watching with particular interest the patient whose lesion was located 
in the rectosigmoid (case 9). ffltis patient is free of disease, having had a two 
stage Lahey resection of the rectum three years and four months ago. The tumor 
was histologically of grade 3 and showed inr'asion of the blood vessels. 

Neither surgical treatment nor irradiation has been radical enough in the 
past. End results following both types of therapy would no doubt be much 
improved if radical methods were instituted and standardized. We feel that five 
year sundval rates should rise from 60 per cent to SO per cent with the acceptance 
of radical operation as the method of choice in every case. The procedure sug- 
gested is the minimum which will give satisfactory results in tlie greatest numlier 
of cases. The rectal resection should include resection of the coccyx, posterior 
vaginal wall or other resectable tissues which happen to show involvement. 
Especial pains should be taken to excise a wide area of perianal skin, as was 
advocated by Iililes. It is hoped that the practice of local e.xcision for so-called 
favorable lesions will be abandoned. These favorable lesions will give most 
favorable results if treated radically, whereas one is courting recurrence and a 
fatality in over 50 per cent of the cases if one employs local excision alone. 

Prophylactic inguinal dissection was proposed and carried out by Keyes. M’e 
feel that the idea is sound, especially since the outlook is hopeless once the nodes 
in the groin are clinically involved. Final opinion of this procedure must wait. 

The operative mortality over the past three years in cases of all types of 
lesions of the rectosigmoid, rectum and anus in which the Miles abdominoperineal 
resection has been used at the Lahey Clinic has been 7 per cent. No mortality 
statistics are available for radical inguinal dissections in patients having epider- 
moid carcinoma of the anus. The combined operative mortality' rates of these 
two procedures should not exceed 10 per cent. One death in our group of 10 
cases was an operative death. 

SUMM.-\Ry AXD COXCLUSIOXS 

Treatment of epidennoid carcinoma of the anal region has been attended b\- 
poor results in the past, regardless of the method employed. 

Ten cases of epidennoid carcinoma have been presented. In 9 of these the 
growth was anal, while in 1 the tumor occurred in the rectosigmoid. 

Microscopic study of all anal and rectal lesions is urged, in order that carci- 
noma may never be overlooked when present. 

^ arious methods of therapy have been reviewed. It is our conclusion that 
ladical operation offers the best prognosis. A surgical approach consisting of a 
Miles abdominoperineal resection and a radical inguinal dissection is advocated 
for e\ err operable growth. This recommendation is based on a detailed patho- 
logic and clinical study. Irradiation is indicated for inoperable lesions and for 
recurrences following operation. 
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Publications appearing from time to time since Verattus ^ first described 
a dermoid variety of tumor in 1745 liave told so well the story of neoplasms of 
this type that it has become familiar to those interested in the subject. Because 
of confusion in nomenclature and controversies regarding pathology, it seems essen- 
tial to reconsider some of the earlier works in this field. We trust that it luay 
crystallize concepts concerning these unusual neoplasms. 

Most articles dealing with the history of dermoids and epidermoids have referred 
to the excellent review by Bostroem - in 1897. According to Mahoney “ the first 
communication regarding an epidermoid came from Pinson,* an artist in the School 
of Medicine of Paris, in the year 1807. He prepared a wax model of such a tumor 
located in the region of the cerebellum and fourth ventricle and described its 
grayish white interior and silvery white capsule. Dupuytren included the mode 
in the school collection, and Chazel made a beautiful reproduction of it for 
Cruveilhier’s Atlas. Several authors, including Horrax ° and Critchley and Feigu- 
son,® stated that Dumeril ^ demonstrated this model and reported the case before t ic 
Societe de Medecine. According to Critchley^ and Ferguson, Cruveilhier, rcfcitmg 
to this case twenty years later, stated it had occurred in Dupuytren's service at t le 

Hotel-Dieu about 1803-1804. i i t 

Epidermoids were next described by Rudolphi ® in 1813, by Parent-Due la c c 
and Martinet® in 1821, and by'' Lc Prestre in 1828. The following 
his famous “Anatomic Pathologique,” Cruveilhier** fully described (he 
Pinson and Dumeril, which, because of its highly i-efractile and nodular sui a 
he termed tuincur pcrlcc. At the same time he reported a parapiluitaiy epic cm 
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in an 18 year old girl. Me was the iirsl to dcscrilie completely the tirigin and 
pathologic character of these tumors. In 1834 I’eyrol '■ reported an epidermoid 
just posterior to the pons and adherent to the cerehellum, wliich he believed to be 
identical in character with that already described by Cruveilhier. 

In 1838 lohannes Miiller,*^ noting the association of cholesterol crystals 
with these tumors, introduced the name “cholesteatoma." He gave a complete gross 
and microscopic description of 3 such neoplasms, one of which was the first diploic 
epidermoid to be described. Virchow, “ stud3-ing 4 cases in 1854, suggested a return 
to the name of pearly tumor. He felt “cholesteatoma’’ was a misnomer because 
cholesterol was neither an essential nor a constant finding in these tumors. 

Esmarch in 1856 and Bailey in 1920 gave a brief account of what appears 
to have been the first surgical treatment of an epidermoid. namel_v, a diploic tumor 
of tire frontal bone. 

Eventually it was felt that “pearlj^ tumor” described only a limited class of 
cholesteatomas, merely implying that some tumors of this general group had a 
pearly luster because of the highlj’ refractile quality of their covering. The non-hair- 
containing epidermoid variety revealed this peculiaritr' most strikinglv. the pearly 
sheen depending on whether only the upper, and not the lower, or dermal, layer was 
included in the tissue of origin. Bostroem - and Horrax '■ have, however, reported 
cases in which tire cholesteatoma gave the characteristic appearance of pearh' tumor 
and yet contained hair, showing that this highly refractile covering was not 
confined to the non-hair-containing variety. Such findings emphasize the almost 
certain general relationship of these tumors. As Kato has pointed out, the 
occasional reports of certain intracranial teratomas show that the deeper layers 
may be involved or the cell inclusions may have further potentiality. 

Bostroem - in 1897 described them as “pial epidermoids and dermoids, and 
dural dermoids,” because he felt their supporting tissue was thus best represented. 
His opinion, however, remains controversial, and the term most frequently asso- 
ciated with this varieU’ of tumor continues to be “cholesteatoma." Horrax ® 
modified this to "meningeal cholesteatoma,” believing this eliminated the group of 
tumors containing cholesterol crystals which arise from pituitaiy* rests. Such a 
term eliminated confusion with the cholesteatomas of the middle ear, which do not 
have primary meningeal attachment. 

Critchley and Ferguson ® expressed the opinion that “epidermoid” was more 
suitable than other terms employed, since it was brief and accurate and conveyed 
the idea of the epithelial nature of the gror\-th. They emphasized the fact that 
“epidermoid” could be readily used in contrast to “dermoid” tumors of analogous 
origiir but containing elements other than mere epidermal structure. In 1937 ilunro 
and M'egner divided the tumors into “primar}' cranial and intracranial epidermoids 
and dermoids,” believing that the concept was thus made more exact. From recent 
publications it is becoming increasingly evident that the terms “dermoid” and 
“epidermoid are most frequently used in describing these neoplasms. 
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According to earlier statistics, 'J ootli found hut J cliolesteatoina in a series 
of 25<S ccrc‘l)ral tumors, and Bernhardt 1 in -187. The dermoid variety has been 
described less fre(|uently than the epidermoid. In 1922 Horrax,"' adding 3 more to 
those already reported in the literature, brought the total nuinher of cases to 26. 
Bailc)*.’" on the (fther hand, had accounted for 62 epidermoids in 1920, making that 
type of cholesteatoma appear ahriijt twice as common. Horrax ■' observed, however, 
that of 750 vci'ilicd intracranial tumors in the Brigham scries, 3 tumors each of 
the dermoid and of the epidermoid variety occurred, cither t 3 'pc thus representing 
0.4 per cent of all intracranial growths. 

In 1936 Love and Kernohan expre.ssed the opinion that fewer than 100 
epidermoids had been described at operation or necropsy. In the same year 
Mahonc}’.'' on the other hand, in aji extensive review of the literature, was able to 
collect 142 cases. Since then numerous individual reports have appeared. In 1937 
Munro and ^Vegner described a diploic epidermoid, an intracranial dermoid and 
an intracranial epidermoid. In 1938 Askenasy "" reported 5 intracranial epidermoids 
and 1 spinal epidermoid. In 1939 Alpers added 1 diploic epidermoid and 7 intra- 
cranial epidermoids. Later in the same year King reported I intraspinal epi- 
dermoid, 3 intracranial ejn’dermoids and 4 diploic epidermoids. In contrast to this 
number of epidermoids, Brock and Klcnke,-^ in a review published in 1931, were able 
to collect only 39 cases of intracranial dermoids. Kornfeld -® in 1930 brought this 
number to 48. and Courvillc and Kimball in 1936, to 56. 

The scries here reported includes 23 cases, 11 of which arc instances ot 
diploic, or cranial, epidermoid. Two of the cases, both of dermoid, were reportc 
previously by one of us (C. W. R.). The first was a case of intracranial dermoid 
cyst of the left temporal region reported in 1925. and the second an instance o 
dermoid cysL of the inferior cerebellar vermis reported in 1936. Our scries leprc 
seats cases of tumors of this type observed in patients admitted to the neurosurgica 
service or discovered on postmortem examination at the Los Angeles Coun } 
General Hospital, as well as cases of such neoplasms studied in private pi acticc. 
At present, as far as we know, fewer than 200 epidermoids of the ccntial nenou 
system have been reported. 

REPORT OF CASES 


A. UIPI.OIC OR CRANIAL Kl’IDERMOIBS 

Case 1 . — Diploic epidermoid of the right frontal region previously opciatcd on as 
ceoiis cyst; complete removal and recovery. 
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In 1926 a 13 year old boy first noticed a small swcllini; in tlie right frontal region, which 
gradually increased in size until it became about as large as a walnut. In Sciitcniber 1929 
he was operated on for a supposed sebaceous cyst of the scalp. At this time, however, it 
was discovered tliat tlie cyst extended through the inner table of the skull, .k considerable 
amount of cbeesy material was removed, and the wound was closed without drainage. After 
healing by first intention tbe cyst subsequently refilled, and the wound broke down, dis- 
charging a thin, brownish fluid which contained the same sebaceous materi.al. 

During the months following the patient complained of gradually increasing headache, 
unassociated with nausea or vomiting. On Feb. 6, 1930 he accidentally struck his head and 
immediately complained of a severe headache and vomited. That evening his temi)eraturc 
rose to 104.5 F. The following morning he complained of severe headache and pain in the 
back of the neck and vomited frequently. 

Examimtion . — ^The patient was vomiting and irrational. His neck was stiff, and the Keniig 
and Babinski signs were present bilaterally. It was believed the patient had an epidermoid 
cyst in the right frontal region, which, having become infected, ruptured when he struck his 
head the day previous. Roentgenograms of the skull showed a round, smooth, punched-out 
area which appeared old. On subsequent examination the characteristics of a diploic epider- 
moid (fig. 1) were noted. Lumbar puncture yielded a cloudy fluid containing 4,140 cells. 



Fig. 1 (case 1). — Roentgenogram of right lateral view of the skull showing the defect in 
the right frontal region characteristic of a diploic epidermoid. 

The globulin content was considerably increased. A Gram stain revealed numerous poly- 
morphonuclear leukocytes and rarely gram-positive cocci in pairs. There was leukocytosis, 
the white cell count being 60,700. 

Operation on Februar>- 8 revealed a grayish, soft mass of tissue resembling cerebral 
cortex. On tapping, a small amount of brownish fluid containing plaques of caseous-appearing 
tissue escaped. A cyst 2 cm. in diameter was then removed, along witli part of the bone 
.about the osseous defect. No cerebral abscess was present. The patient made an uneventful 
recovery and left tlie hospital on February 25. On Jan. 20, 1937 he reported that he was in 
good health and had had no further trouble. 

Unfortunately no pathologic report was obtained, but from tlie roentgenograms and the 
gross appearance at operation the diagnosis of diploic epidermoid seemed certain. 

C.\SK 2 . — Dermoid cysl in the midlinc anterior to the anterior fontanel: complete remoz-al 
and reeoz'ery. 

A 5 month old boy was referred because of a small swelling in tlie midline of the skull 
anterior to the anterior fontanel. This was noticed shortly after birth. Polydactylism was 
also present, there being an extra toe on each foot and tlie remnant of an e.xtra finger on 
each hand. 
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h.Kiiiiiiutlioii. i !ic t)al)y, .i well tlcvclojitd hoy, wei;,'Iiff! ]f> poimds (7.3 Kg.). Just in 
fioiit of the adtci ior foiitaiit'} aiul (lirectly in the iiiidlirie was a small swelling, symmetric 
and domelike, mcasuiing 2 hy 2 cm. in diameter and elevated ai)j)roximatcly 1 cm. above the 
snri omuling scalp. It was somewhat fhictnant and slightly movable but showed no evidence 
of inflammation. Jvoentgenograms of the skull showed a defect in the midlinc anterior to the 
anterior fontanel and underlying a soft tissue tumor (fig. 2). 

On Jan. 2/, 1932, a tumor measuring approximately 2 by 2 cm. was easily dissected out. 
It was oval, well encapsulated and iiound to the toji of the longitudinal sinus by fine 
adhesions. It was not lobulated. 1 he |iaticnt’s i>ostoperativc course was uneventful, and he 
was discharged from the hospital February 0. 

Microscopic sections through tlic center of the cyst sliowcd the cavity to be filled with a 
structureless debris. Stiuamous epithelium lined the cavity, and some keratin e.xisted on the 
surface of the epithelium. The (Icrmal layer was present, hut true papillae of the papillary 
laj'cr were not seen because of flattening from distention by the contents of the c^'st. The 
reticular layer was present,^ showing both superficial sebaceous glands and deeper sweat glands 
with numerous scattered hair follicles. A diagnosis of dermoid cyst was mada 



Fig. 2 (case 2). — Cranial defect in the midline anterior to the anterior fontanel at fl"^ 
location of the cranial dermoid. 


Case 3 . — Diploic epidermoid to the left of the e.vternal 


occipital protuberance erodnnj 


through the outer table of the skull; complete removal and recovery. _ _ 

A single woman of 23 years was admitted to the hospital Feb. 7, 1936, 
intermittent headaches and ringing in the ears. About a year prior to this admission sie 
begun to have lapses of memory, which gradually increased in frequency. mnhiic 

She had been seen by one of us (C. W. R.) five years previously, after an au o 
accident, when a small swelling was noted in the occiput. Roentgenogpms at la 
revealed a peculiar defect in the skull in the region of the e.xternal occipital protu 
A crater-like area measuring about 1.5 cm. in diameter, involving only the externa 
was noted. It did not appear to be a fracture, but was believed to be the result o f 
pathologic process. An epidermoid, however, was not suspected. The neurologic exam 
gave negative results, and her symptoms rvere believed to be due to a cerebral concussion. 

E.rainination . — Tfie patient seemed nervous and emotional. The head showed a soft, 
cystic, round tumor 2,5 cm. to 3.5 cm. in diameter in the occipital region just to t ic 
the externa! occipital protuberance. It seemed attached to the calvarium. 
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The patient was seen apain by one of us (C. on hebruary 21. when an oval cystic 

area in the bone, measuring approximately 4 by 5 cm. in diameter, was found. On palpation 
a mass about as large as a ben's egg was felt directly over the external occipital protu- 
berance. It bad the same peculiar fluctuant quality wbicb bad -been previously noted. The 
mass, however, bad increased in size. In view of a recent experience with a cholesteatoma 
in the occipital region (case 6), a similar lesion was suspected. Roentgenograms of the skull 



Fig. 3 (case 3). — ^Lateral roentgenogram of the skull, showing the defect in the occipital 
region. 



Fig. 4 (case 4). — Lateral roentgenogram, showing tire diploic epidermoid in the left parietal 
bone. 


taken February 10 revealed a niultilocular cystic lesion of the occipital bone extending left 
from the midline and associated with swelling of the soft tissue. The Wassermann and the 
Kahn reaction of the blood were reported negative. 

On February 24 Dr. G. H. Patterson removed a large epidermoid tliat had eroded the 
outer table in the area of the occipital protuberance. The inner table was thinned but intact. 
T he patient made an uneventful recovery, being discharged on }^Iarch 5. Pathologic exami- 
nation. both gross and microscopic, revealed a tvqiical epidermoid. 




356 


ARcniviis or surghry 


Coiitiitcitf . — 1 hat (lijiloic f|)i(Icnnoi(ls may he confiisinfj; unless mic lias their identifying 
rociitRenograiihic characteristics in mitul is cvidcnccfl hy the forcKoinf; case. The occurrence 
of injury to the head live years prcviou.sly conijilicated the diaRnosis. A review of the earlier 
roentRenograms showed tliem to he characteristic of a (hploic e|iidcrinoid (fig. 3). 

Cast: 4, — Diploic cpidcniioui of (he left parictitl reijion; four operations leith final cniii- 
plele removal ami recovery. 

A girl of 18 years was operated on for a supposed sebaceous cyst of the scalp in the left 
parietal region hy another physician on Oct. 30, 1933. She had been conscious of its presence 
for five years. During this time it had slowly increased in size. Examination revealed a 
tumor in the left parietal region about 3 cm. in diameter and 2 cm. above the flush of the 
scalp. It was movable and did not seem to be attached to the bone. 



Fig. 5 (case 4). — Photomicrograph of the diploic epidermoid cyst. 


Roentgenograms taken October 23 revealed a circular area about 3 cm. 4 ), 

the central portion of the left parietal bone, with distention and destruction of the tab es t 
The margins of the destroyed area were sharply outlined, suggesting prolonged pressu^ 
roentgenograms were typical of a diploic epidermoid. ■ 05 cni. h> 

At operation on October 30 a mass on the scalp in the left midparietal region, 
diameter and e.xtending through the outer table of the skull, was found. It uas ’’ 
connected with the inner table. The cyst was filled with sebaceous material. It 
and the depression in the skull thoroughly cleansed. The specimen after gross 
was reported as containing 1 Gm. of yellow, flaky .sebaceous material. A few . ^.^,,(,(,5 
covered on the surface with a thin layer of pearly white substance. A thin, mci 
strip of tissue having a smooth, gray inner surface was found. This was be 
cyst wall, .-\lthough the gross appearance of the tumor was that of an epn crnioi 

considered a sebaceous cyst at the time. . • lo-jfj at two 

Because of recurrence of the tumor, the patient was reoperated on twice m 
month intervals. .-\t the fourth and last operation on Aug. 19. 1937, the mass was 
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enucleated, the bone curetted and a iiortion of the s-calp inunediately above tlie mass removed. 
There has been no recurrence. Microscopic sections of tlic material revealed a typical epider- 
moid cyst (fig. 5). 

C.ivsE 5. DitJoic cj'idcniioid of the riiiht froiilal reijioii erodiini throunh the miter tabic 

of the skull. Comt'lctc surgical reiuo'eal and recovery. 

A Negro woman of 44 years was admitted to the liospital in .Imic 1934. complaining of a 
swelling in tlie right frontal region of two years’ duration. Questioning revealed that she 
had first noticed a mass in the right supraorbitofrontal region when she was S years of age. 
By 1932 the mass had increased in size, but it was never painful. Her general health had 
always been good. The Wassermann reaction of the blood was positive. 

E-ramiuatiou . — tumor mass about 6 cm. in diameter was found overlying the right 
frontal region. It had a soft, cystic consistency at its verte.v, but merged with the bony 
substance below. It was felt that she had a benign cystic tumor of the soft tissues of the 
right frontal sinus. 

Roentgenograms of the skull taken May 29, 1934 were reported as showing large areas 
of cystic degeneration in the right frontal region which were not distinctive in appearance. 
Some type of benign tumor mass, not connected with the intracranial structures, was 
suspected. 



Fig. 6 (case 5). — Lateral roentgenogram of the skull, demonstrating the cranial epidermoid 
in the right frontal region. 

At operation, on July 30, the sebaceous material forming the contents of the cyst, but 
not tlie wall of the cyst, was removed. Closure was carried out without drainage. At tliis 
time it was not suspected that tlie tumor was an epidermoid, and the pathologic diagnosis 
was given as cystic tumor, nonmalignant, tj-pe undetermined. 

The patient was followed in the outpatient department, where the recurring cyst was 
aspirated frequently. Eventually the patient was examined in the neurosurgical department 
The previous roentgenograms were reviewed and were considered to be characteristic of a 
diploic or cranial epidermoid (fig. 6). On June 29. 1938 Dr. H. G. Crockett completely 
removed the tumor and its sac. The tumor had eroded the outer table of the skull, causing 
a defect about the size of a walnut The inner table was intact. Convalescence was 
uneventful. The pathologist reported a small cyst containing flaky white material and 
numerous other fragments of fibrous tissue. Gross and microscopic examination confirmed 
the diagnosis of epidermoid cyst. 

C.tSE 6. ConvulsizT scicures for seven years; roentgenograms revealing characteristic 
findings of an efn'dcrnwid; operative removal of a diploic epidermoid cyst; recovery 

woman of a4 jears ga\c a histoiy of con\*ulsive seizures occurring once or twice a 
week during the previous seven years. Consciousness was lost for a few minutes, but no 
jerking of the extremities was obser\ed. A chewing motion of tlie jaws accomi)anied some 
of the attacks, and occasionally her seizures were preceded by a iicculiarlv dreamv state in 
which things seemed far away. There was no histoiw- of aphasia or headaches. 
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}:X(iiniiuttio>i. i lie liead reveiiled no itniisiial irre;,'iilaritie.s nr tenderness. E.xccpt for 
Iiyperteiisioii (her hlood pressure was 215 systolic and 115 diastolic) and a prccordial 
enlargement, the results of general iiliysica! examination were essentially negative. The optic 
disks seemed a little pale, but the remaining neurologic examination showed normal conditions. 

l^oentgenograms of the skull revealed a discrete shadow measuring about 4.5 by 3.5 cm. 
hi diameter far forward in the right tem|)oral region, which apjieared to he in the wall of 
the tcmiioral and frontal bones. It had the appearance of a dijiloic epidermoid (fig. 7). 

At operation on Sejit. 27, 1934 a cyst lying between the inner table of the skull and the 
dura in the right temporal region was exposed. Its wall was thin, bluish and for the most 
jiart friable. Cireenish Iluid was first liberated, followed by grayish, cheesy, grumous material. 
Except for its atyiiical color, it resembleil the contents of an epidermoid. The cyst occupied 
the recess between the temiioral and the frontal lobe and dipfied down deeply into the sylvian 
fissure. Tlie bony opening was enlarged to iiermit removal of the outer wall of the cyst. 
E.xccjit for the portion close to the zygoma, an attemjit to dissect the sac from the dura 
was unsuccessful. 'J'he remaining tags of the wall of the cyst were treated with Zenker's 
solution. The patient made an uneventful recovery. 

Dr. R. \V. Hammack reported that the specimen consisted of a considerable amount of 
yellowish, sometimes slightly greenish, soft, structureless material in which there were 
numerous glistening fine crystals. Some small pieces of tissue represented the lining of the 


Fig. 7 (case 6). — Lateral racutgenogram, revealing 
temporal region. 


the diploic 


epidermoid in 


the right 



cavity. Microscopic examination of the soft material revealed numerous cho cs Acrotic 
but no identifiable eiiitlielial cells. Sections of the tissue consisted of ’7^ •^j(^.,„„„,itory 
fibrous connective tissue in which were numerous spaces surrounded by cells o ' . ‘ ..^1 (.(.[Is 
origin and often by foreign body giant cells. Small spaces lined by' cuboida cpi 
were found. A diagnosis of epidermoid cyst rvas made. • ^ 

Case 7. — Large diploic epidermoid in ilic midoccipilal region; incompich >cn 
recovery. ^ . „o(iced 

A man of 32 years was referred on Feb. 11, 1933. About Septembci 19 'Jj ' .,,ij there 
a swelling in the occipital region. During December 1934 bis ' ’(jf position 

was noticeable blurring of vision. About tliis time dizziness on sudden c lai 8 
appeared. Increasing dizziness was not accompanied by unsteadiness of gm • ^m(,er.inco. 

E.vaininaiion . — There was a swelling in the region of the external (Pc sc.ilP' 

measuring 7 by 6 cm. in diameter and elevated about 2.5 cm. above the ‘ 3.5 enu 

The swelling consisted of both bard and soft components; the soft area, n • 
in diameter, was most elevated and showed definite pulsation, winch con c ' olhef' 

No murmur was Iicard. Bilateral papilledema of about 4 diopters v'as pi 
wise the general neurologic examination gave negative results. tuicc a.s 

Roentgenograms showed a defect in the middle of the_ occipital bone nca lower 

as the foramen inagmim, the upper margin being jiractically at the ppoiied 

niargin aiioul 1 cm. above the foramen magnum (fig. 8). I he i.inod wa.s 

calcification along tlic outer border. The Wassermanii reaction of ’c 
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An cpidcnnoid approximately 5 by 7 cm. in diameter was exposed on March S. 193.-'. 
This was filled with grumous material containing large flakes, some resembling pearls. The 
lining membrane was thin, glistening, pearly and trahcculated. The portion ot the membrane 
which could not be completely removed was treated with Zenker's sohition. The osseous 
detect, measuring about 5 by 6 cm., involvcrl both the inner and the outer table. The 
patient made an uneventful recovery. 



Fig. 8 (case 7). — Posteroanterior view, showing the cranial epidermoid in the occipital 
region. 



Fig, 9 (case 8), — Lateral view, with the epidermoid defect evident in the left fronto- 
temporal region. 

Dr. R. Hammack reported flat epithelial cells and cholesterol crj’stals. A diagnosis 
of epidermoid was made. 

C.\SE S. — Dif'loic t'/'idennoid of the left frontal region; oferathe removal and rccoz'cry. 

A woman of 6; years was first seen on Oct. fi, 1936 and complained of a swelling in 
the left frontotemporal region which was first noticed after she struck her head against a 
stove about fourteen years previously. The tumor had increased in size during the last six 
weeks. Convulsions began at 35 and continued at about montlily inten.-als until three years 
ago, when they subsidctl. Considerable headache followed the attacks, and she at times was 
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unahlc lu sjiL'ak, altliougli slic kiu'w what }>I«- wisIktI to say, 'J'ln\ jiaticiit was right handed 
anti liatl never liati any tliflicnily with rcafiing tir writitig. She liatl taken plicnobarbilal 
rcRiilarly for the past three years. 

h.vaiiiiiuitloii . — -A swelling nieastiring appro.vitnafely -1 liy 5 cm. in diameter and derated 
about 1 cm. above the snrrtninding scalp was noted in the left frontotemporal region. The 
seal]) was freely movable over the underlying ina.ss and did not seem to be affected. The 
swelling was neither reddened nor tender. So other unusiia! irregularities were discovered. 
Roentgenograms of the skull showed an oval defect in the left frontotemporal region, measur- 
ing 3 by 3 cm. in diameter (fig. 9), having the ai>iiearance of a diploic epidermoid. The 
Wassermann reaction of the blood was negative. 

The patient was operated ou on Octolicr 15. when the outer table was opened over the 
tumor and about 15 cm. of black blood was lilicrated. The remaining contents consisted of 
what npiiearcd to be broken-down, degcneratcfl tissue. Tiic inner table was eroded through 
in some [ilaces and very thin in otlicrs. As mneb of the tumor tissue as possible was 
removed as w'cll as tlic involved bone. An uneventful recovery was made. 

She was last seen on Aug. 2, 1939, having had a convulsion about three weeks previousb 
and a second attack a week later. The area of osseous defect in the left temple remaine 
uncliangcd. A slight pulsation was obtaincri on coughing. General physical and neurologic 



Fig. 10 (case 9). — Posteroanterior roentgenogram, 
the outer table by the cranial epidermoid. 


showing separation 


of the inner and 


examinations gave negative results. Review of the roentgenograms ® striate^* 
characteristic of a diploic epidermoid. Microscopic examinatioti revealed tissue, i" 

muscle, fibrous connective tissue and small spicules of bone. Fibrous connec^ found 
which were many large mononuclear cells with a foamy, granular cytop asn , in 

between the spicules of bone. In other areas a fibrous connective tissue Jis- 

which were many cleftlike spaces from which crystals, probably cholestero , ’ 
solved. About these were some multinuclear giant cells. No epithelial e emen^ opin'®" 
in the tissue. There vvas no evidence of malignancy. Dr, Angus Wright was o 
that the histologic picture w’as that of an epidermoid growdng w'ithin bone. 


Case 9. — Gradually enlarging tumor of the left parietal region, first no icc conthmA 
9 years; operative treatment at the ages of 34 and 36, and again at the age oj 
drainage since that time; further removal of a large infected diploic cpidennoi brooch''' 

, age of 64; with subsequent recurrence and two additional operations, dec i J 
pneumonia in April 1939; autopsy. 3 wen, 

A 64 year old carpenter had first noticed a sw'elHng, which was pcad by " 

in the left parietal region at the age of 9 years. At 30 he was ^ruc ' ° trcafmc"*- 
piece of timber. At this time the tumor ruptured, but subsequently hca e v" 
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After this it grew more rapiilly. niui when the patient was a-? it was the size of an orange. 
At this time lie was operated on at Shenandoah, Iowa : tlie contents of the tunior were 
emptied but the capsule was not entirely removed. After a short period of drainage the 
wound closed. The tumor again increased in size and was rcoperated on two years later. 
.•\gain the wound drained for a short time before closing. After remaining (luiescent for a 
tew vears, it increased in size slowly. Xo information was available concerning pathologic 
observations made in these two procedures. 

On Feb. 2, 1917, at the age of 44, he was examined at the Mayo Ginic. He was operated 
on there, for the third time, on March 10. 1917, by Dr. J. C. Masson, who removed a^Iarge 
quantity of foul, broken-down, sebaceous material. A large cavity, measuring 3 by 2 (7.5 by 
5 cm.) inches in diameter, extending through the outer table of the skull in the parietal 
region was noted. No pathologic report is available. After operation the wound continued 
to drain. Later the odor from the drainage became offensive. The discharge consisted of 
a cheesy material together with foul greenish fluid. The wound required frequent dressings, 
as many as three or four a day in the later years of the patient's life. 

About April 1, 1937 inflammation developed over the left side of the scalp. This increased 
rapidly and was painful. A cellulitis developed involving the entire left side of the head. 
As the swelling subsided, a residual area of fluctuation high up in the parietal region was 
noted. An area of bone destruction measuring appro.ximately 10 bj' 8 cm. in diameter was 
seen in the roentgenograms at this time. The outer table was principally affected, but in one 
area the inner table appeared to have been eroded tbrough. At one point in the anteropos- 
terior view separation of tlie inner and outer tables was seen (fig. 10). 

E.ramimtioii . — The entire left side of the scalp was boggy. In the midparictal region 
was an old sinus tract. fairly definite osseous defect, measuring approximately 10 by 
8 cm. in diameter, could be felt in the skull. Ratlier high toward the left frontal regrion 
there was an area of fluctuation under the scalp. The area of fluctuation was drained ,'\pril 
23, 1937. On July 22, when the left parietal region was reexplored, an abundance of infected 
granulation tissue was uncovered. The inner table of the skull had been eroded over an area 

5 by 3 cm. in diameter. .A.bove this erosion was a mass of pearly white avascular tissue, 

such as is usually seen in the contents of a cholesteatoma. Surrounding this material was 
a definite thick sac, apparently lined by epithelium, .\bove this was an area of osteomyelitis 
of the skull. The entire mass was dissected out. and the diseased bone was removed by 
rongeurs. The dura was not ruptured. .Anteriorly the cyst had grown between the inner 
and outer tables of the skull and was separating them. The case was believed to be tliat 
of a typical large diploic epidermoid. The history was unusual in that three operations had 
been performed without complete removal of the tumor. 

Dr. A. G. Foord reported epidermoid cyst with extensive chronic inflammatory change. 
No conclusive evidence of malignancy was discovered, although some portions of the micro- 
scopic sections were suggestive. 

When the patient was seen Aug. 26, 1937 there was a small discharging sinus with a 

characteristic odor. It was believed there might be a small area of infected bone beneath. 

When he was again examined, September 22, the wound was still discharging. Some flaky 
tissue suggestive of an epidermoid cyst was liberated. It was thought advisable to reexplore 
the wound. This was done September 24. In several places remnants of the epidermoid 
cyst were found, and newly forming, cheesy, whitish debris was encountered. The osteo- 
myelitis had advanced toward the midline of the skull. The infected bone and as much of 
the remaining epidermoid as possible were removed. Suspicious areas were coagulated witli 
the electrocauterj-, as was tlie under surface of the scalp. Although it had been believed that 
all remnants of the sac were removed by the first procedure, this was disproved by the 
second operation. It was hoped that no subsequent reformation of the cyst would occur, 
but on this occasion the operator was dubious such would be the case. ^r. A. G. Foord 
reported epidermoid epithelium with profound hyperkeratosis. 

.After the second procedure, aphasia and weakness of tlie right hand developed, which 
were believed secondary to cauterization of the dura. These symptoms improved steadily, 
so that on October 14 the patient was able to use the right hand well, although not so 
well as the left, and at the same time his speech was much improved. He still experienced 
difficulty in reading. When he was again seen. Jan. 25. 1938. swelling and inflammation of 
the upper frontal region were present and recurrence of the epidermoid was thought to be 
c\ ident. .Another exploratory operation was performed Februarv 1. The recurrent epithe- 
lioinatous growth was removed and all remnants of the growth on the dura cauterized 
thoroughly. The wound was again closed with drainage. His condition remained essentially 
unchanged until the latter part of .April 1939. when pneumonia developed. He died .April 23. 
.Autopsy reve.aled the iinmerliate cause of death as bronchopneumonia. Sections tlirough the 
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ii)ccr.'ili\'c artvT ol the pnrict;il repinn disclosed (otipjtics of • fairly well differentiated cells 
wliich scemeti to he illV,^{|illJ; the tissue (fifj. 11). 'J'lic iiathologic findings were considered 
to he fairly suggestive of squamous cell carcinoma. 

Cask 10 . — Diploic iliiiiil>l>cll type of cpidennoid in the rujht parietal region; operative 
removal and recovery. 

A 21 year old college student, while playing foothall on Xov. 27, 3937, was kicked on 
the right side of the head. ]-]e was not rendered unconscious. Toward night he began 
having severe headache accoiTipnm'ed hy attacks of vomiting. The following day the head- 
ache continued to he vcr.v severe. Sti/Tne.s.s and soreness of the neck developed He was 
taken lo a hospital, where hlood-tinged fluid was obtained on spinal puncture. He left the 
hospital Dccemher 1. feeling much better. ITirther cjucstioning revealed that during the pre- 
vious si.v months he had noticed a firm swelling in the right parietal region near the 
injured area. 



Fig. 11 (case 9). — Photomicrograpii of the epidermoid, revealing e.xtensive byperkeraio. 
suggestive of squamous cell carcinoma. 


Examination . — There was slight stiffness of the neck, and he complained of some 
ache and backache. In the right parietal region one could feel a depression m >e 
admitting a finger tip. The surrounding scalp was not edematous and no 
evident. Roentgenograms of the skull disclosed a round, somewhat irregula^ o 
in places a moth-eaten defect in the right parietal region (fig. 12). It was beie\e 

an epidermoid. _ r eroded 

The patient was operated on December 8 and the incision e.xposed an area 
bone, from which protruded a pulsating bluish mass strongly resembling a could 

was opened cautiously, and about 1 fiuidrachm (3.7 cc.) of old blood escaped. jjPicd, 

then see the typical structure of a dumbbell-shaped epidermoid. The . , „ choles- 

and a round button of bone which included the skull was removed, at which j pjccc 

teatomatous material could be seen escaping from the rent in the dura. A sma jiquid 

of dura including the rent rvas then removed. Cliolesteatomatous materia an^^^ edge? 
blood came from the subcortical region, leaving a cavitj' 3 or 4 cm. deep. - tot 
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at the neck oi the cavity some linin? ot tlic sac coukl he seen. These ed^es and tlic upper 
part of tlie wall ot the cavity were ihorouphly coagulated with the elcctrocautery. The only 
other alternative would have been resection ot a rather large portion ot the brain, which 
did not seem to be justifiable. Microscopic exaniinatioit disclosed numerous flat, honty 
epithelial cells and numerous cholesterol cryst.als. A pathologic diagnosis of cpidennoid 
Avas made. 

Case 11. Cranial dcniwiti {•ostcrior to the hrctuna near the lonuitudinal suture; nf'era- 

th-c removal and recovery. 

A 38 year old Italian laborer was referred on Ian. 23, 1939, for e.xcision of a tumor of 
the scalp which was thought to be a sebaceous cyst. This had heeit present as long as he 
could remember but had become somewhat larger during the past year. 

E.vainiiiafioii. — A slightly fluctuant, nontender tumor mass about 3 cm. in diameter was 
evident to the left of the midline and posterior to the bregma. Roentgenograms of the skull 
diselosed a saucer-like depression of the outer table just posterior to the bregma and along 
the longitudinal suture. Preoperatively a dermoid cyst was diagnosed. 

On February 2 the cystic tumor was carefully dissected from the depression in the outer 
table, after which closure was performed without drainage. Dr. Cyril B. Courrillc described 
the specimen as a cystic mass arising from a broad base which appreared to be a fibrous 
membrane. The tumor measured 3.6 by 2.8 cm. in diameter. Sections tlirough the wall 



Fig, 12 (case 10). — ^Lateral roentgenogram of the skull, demonstrating a cranial epider- 
moid in the right parietal region. 

revealed an epidielial lining of squamous to columnar cells with glandular structures in the 
underlying tissues. The diagnosis was dermoid cyst. 

Comment . — That the diploic, or cranial, epidermoids may often be confusing 
unless one has their identifying roentgenographic characteristics in mind is 
evident from the 11 cases Just presented. So typical is the roentgenographic 
appearance of the growths that usually the preoperative diagnosis can be established 
from the films. In spite of this fact these tumors are often undiagnosed. Four of 
the tumors in our series of cases were operated on as sebaceous evsts. In case 4 
four operations were necessary before complete removal was effected. The diagnosis 
was established only after the roentgenograms of the skull were reviewed. After 
an incomplete removal of the cyst in case 5, the patient had repeated aspirations for 
a period of four years. She was then seen by some one familiar with the diagnosis. 
A review of the roentgenograms taken four years previouslv revealed the character- 
istic picture of a cranial epidermoid. iMeningioma was thought the most likelv 
diagnobii' in case / . Experience with this case, however, led to the proper diagnosis 
in case o. which had not been appreciated when the patient was first seen, five 
) cars previously. Because the diploic, or cranial, epidermoids are so easilv diagnosed 
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and can be treated so satisfactorily surgicallj% it is im])ortaiU tlial they be recognized 
before they reach a size which might make complete removal impossible. The 
importance of (his fact is seen in ca.se 9. 

li. INTUACUANMAL KriDKH.MOin.S AXl) DF.HMOTDS 

C.\si; li . — hilnwroiiial dermoid cyst hi left Icml'oral rcf/inii; subtotal removal followed 
by complete c.rtirpation a year later; cerebral abscess and death the fotloxi'iiig year; autopsy. 

i his ease was reported previously by one of us.-'* A woman of 40 years was operated 
on Nov. 11, 1922, at which time the contents of a dermoid were removed from the left- 
temporal region. Marked improvement followed the procedure and continued until recurrence 
of symptoms became manifest Feb. 1, 1923. Rce.xploration was carried out February 10. 
but an attempt to dissect the cyst from the floor of the skull was unsuccessful. Improve- 
ment again occurred until the middle of April, when rcc-vploration was again necessary. On 
April 26 the cyst was emptied of its contents and tlic entire cyst wall removed. The patient 
again improved until the following September, when it was necessary to reexplore. At tliis 
time no trace of the cyst was found, but a mass about 4 cm. in diameter, which proved to 
be an abscess, was removed from the left temporal lobe. Cultures were sterile. The patient’s 
condition remained critical. The right hemiplegia and motor aphasia persisted until her 
death, on March 17, 1924. Pathologic examination of the dermoid cyst showed that its wall 
resembled true dermis, containing hair follicles, sweat glands and stratified squamous epithe- 
lium, The central mass was filled with debris coinposed of desquamated cells, among whici) 
were scattered fine hairs and cholesterol crystals. 

Cask 13. — Parapiiuitary epidermoid disclosed at operation; partial removal. 

A boy 9 years old was admitted to the hospital June 20, 1928. This case was tabulated 
as one of postchiasmal cholesteatoma in the third ventricle in a report on tumors of the brain 
in childhood published by Rand and Van Wagenen in 1935. According to the history the 
patient had complained of frontal headaches unassociated with nausea or vomiting during the 
previous five years. His appetite became poor in January 1928, and he lost weight and ten c 
to be listless. Although his eyes were noticeably prominent, his parents were uncertain jou 
long this had been apparent. During the previous year they believed his disposition is* 
changed. He was disobedient, quarreled with other children and seemed to prefer lnn^^ 
alone. 

E.ramination . — The patient was a poorly nourished boy of 9 years, who seemed menta j 
retarded. The fundi showed no indication of pressure. The pupils were equal and reac 
well and equally to light and in accommodation. The eyes were prominent. A tendenej 
internal strabismus, left more than right, was noted. A horizontal nystagmus was , 

on gaze right and left, and vertical on looking upward. There was a slight left penp > ‘ 
facial weakness. Hearing was markedly impaired in the left car, and in the Weber tes 
sound was referred to the right. Otherwise the cranial nerves disclosed no pccu wn > 
Coordination tests revealed more or less equal ataxia of the extremities, more . 

the legs than in the arms. The Romberg sign was present, the patient swaying in all dircc i 
His gait was ata.xic. He staggered in all directions, but somewhat more to the^ rig i 
in other directions. Deep reflexes were equal and active. Nothing unusual was discorerc 
the remainder of the neurologic examination. Vestibular examination suggested a lesion o 
left cerebellopontilc angle or a cerebellar lesion extending into the left angle. . 

It was believed the patient had a lesion of the posterior fossa, and exploration was a ws 
He was, however, taken to the Mayo Clinic wdiere Dr. A. W. Adson reported^ that ca 
cation above the sella turcica was seen roentgenographically. A bitemporal hemianopsia 
also discovered, leading to the diagnosis of a supratentorial cyst in the neighborhood o 
chiasm. At operation on July 31, 1928, a slightly' cystic tumor was discovered, 
the region of the sella turcica and extending posteriorly into the third ventricle. A 
of the tumor presenting anteriorly' to the chiasm was removed and the cyst aspirated, < 
which an intracapsular enucleation of the lesion was accomplished. The patient mate 
uneventful recovery. 

28, Rand, C. W. : Intracranial Dermoid Cysts : Report of a Case, with Opcratii c 1 in 1 

ings, Arch. Neurol. & Psychiat. 14:346 (Sept.) 1925. P-tlht. 

29. Rand, C. W., and Van Wagenen, R. J. : Brain Tumors in Childhood, J- ^ 

6:322, 1935. 
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Pathologic examination ot the tumor tissue ilisclo>ed a "calcareocholotcatoma with a 
large amount ot blood pigment and numerous foreign body giant cells Mtrronnding cholesterol 
crystals. 

Comment . — The case is of interest from the standpoint of diagnosis. Had we 
appreciated the calcification revealed by the roentgenogram and discovered the 
bitemporal hemianopsia, the localization would have l)cen cstahli.shed. Tlie 
importance of appreciating that such chiasmal neoplasms may simulate the signs 
and svmptoms of the more common cerebellar tumors of childhood becomes evident. 

Case 14. — Epidermoid of lltc left ccrchcUopontilc angle disclosed at operation and remozrd 
siibtotally; death jour years later. 

A married woman, aged 56, ^\•as admitted to the hospital July S, 1929. During the previous 
five years she had been troubled with pain in the left side of her head, ringing and tlcafness 
in the left ear and numbness and weakness of the left side of the body. During the last 
two years she had had spells of staggering and falling while walking. The past year she 
had occasionally regurgitated food through her nose. Diplopia had been present for about 
three months. 

E.ramination. — Except for obesitj- the general physical examination revealed nothing notc- 
wortliy. The disks were not choked. There was, hoivever, a weakness of the left external 
rectus muscle, with horizontal nystagmus more marked on gazing to the right than to the 
left, comeal anesthesia on the left, with diminished pain and touch sensation over the distri- 
bution of the left trigeminal nerve, and a slight left lower facial weakness. Hearing was 
impaired in the left ear with bone conduction greater tlian air conduction. The pharyngeal 
reflex was absent, with tlie umla pulling to the right. She also had some dysphagia, a slight 
weakness of the left arm and leg and a slight impairment of sensation over the left side of 
the body. The Babinski reflex was positive on the left and equivocal on the right. The 
Wassermann reaction of both the blood and the spinal fluid was negative. Roentgenograms 
of the skull taken July 10 revealed nothing abnormal. Roentgenograms of the mastoid taken 
July 12 showed a normal internal auditory meatus with no indication of erosion in the Towne 
position. The impression was that of a tumor of tlie cerebellopontile angle on tlie left side, 
and exploration was advised. Vestibular tests performed August 10 showed no response from 
either die horizontal or the vertical canals on tlie left side and no response from the vertical 
canals on the right. At this time her gait was markedly ataxic, affecting the left side almost 
exclusively. 

A suboccipital exploration was carried out August 15. Because her condition became rather 
critical at this time, it was decided to postpone further operation. When the left cerebellar 
angle was explored, on October 3, a pearly, glistening, irregular-shaped tumor was found. 
A large amount of cholesteatomatous tissue was removed bj’ subcapsular enucleation. It was 
not possible to remove the capsule entirely. On June 9, 1930, her condition was reportedly 
unimproved. She died on Nov. 1, 1933, but autopsy was not permitted. 

The surgical specimen was composed of numerous bits of gray, glistening material. 
Portions of the capsule particularly had a mother-of-pearl luster and were finely nodular. 
Microscopic examination confirmed the diagnosis of epidermoid. 

C.\SE 15. — Dermoid cyst bctzeecn the cerebellar lobes accidentally found at autopsy in a 
zeoinan of 60 years. 

This woman had been admitted to the hospital several times for bronchitis and for frac- 
tures of ^arious bones, the case being reported previously by Coun-ille.=‘ She came some- 
what irregularly to tlie hospital for antisj-philitic therapy from 1930 to 1935, and died at home 
Jan. 13, 1936. Her body was brought to the hospital for examination at the coroner’s request. 

Dr. Coun-ille, who examined the brain, described a peculiar orange appearance and a 
granular body in the vallecula of the cerebellum. When the arachnoid was torn this structure 
appeared as a granular, yellowish body lying beneath the inferior vermis. The tumor mass 
was fnable and granular on section and contained some calcium. The tumor itself appeared 
to be formed b\ a c> st, the contents of which were lipoid, containing considerable cholesterol 
and a few hairs. Microscopically the wall was seen to be composed of dense fibrous epitlielium 
or tissue lined with a la> er of stratified squamous epithelium. A number of small calcareous 
deposits or particles were seen throughout the walls. The wall was intimatelv attached to 
the toha m this region. Because of the presence of hair it was felt to be a dermoid rather 
than an epidermoid cyst. 
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Cask 16. Lcfl-sidcd cou'ndsions for ciyhiccn years; coma and death following a seizure; 
autopsy; epidermoid of the right parietal 7'egion; aeule cerebrospinal (epidemic) meningitis. 

A 58 year old man was admitted to the hospital in coma on Dee. 12, 1932. Left-sided 
jaclv'soiiian attacks had occurred at monthly intervals since 191d. After a severe attack in 
1921 he lost control of tlie lower extremities, bladder and bowels, fair control being restored 
hj’ the end of a six month jicriod. '1 wo weeks j)rior to his admission to the hospital lie 
had a mild attack of influenza, and on the night of December 9 a convulsion occurred. Tlie 
following daj' he improved, but on the evening of December 11 he became worse, and on 
December 12 he lapsed info coma. 

The past history revealed a gastroenterostomy in 1921 for duodenal obstruction. Shortly 
after the onset of his convulsive seizures the diagnosis of tumor of the brain was made, 
but nothing further was done in this regard. He complained occasionally of headache. The 
past history otherwise revealed nothing of consequence. 

Examination. — A complete neurologic examination was not recorded, but it was noted that 
the pupils were circular and equal and reacted equally to light. The deep reflexes were 
equal but sluggish, and the Babinski rcfle.x was positive bilaterally. The blood pressure was 



Fig. 13 (case 16). — Photograph of coronal sections of the brain, showing an inti act 
epidermoid in tlie parietal lobe of the right cerebral hemisphere. 

150 systolic and 100 diastolic. Urinalysis showed large quantities of was 

granular casts, occasional hj'aline casts and many erythrocytes. The nonprotein m . 

64.5 mg. per hundred cubic centimeters. The erythrocyte count was 4,300,000 and le 

count 17,000. __ f 1 I • r/'vealed a 

Autopsy was performed by Dr. J. W. Budd. Gross examination . j„ wio 

thick purulent c.xudate over the lateral surface of the hcmi.sphercs. \yien ic 
removed a considerable quantify of cloudy fluid escaped from the posterior • ^ . nerves, 

was covered by a thick purulent c.xudate which obscured the various vesse s jn 

When the serial coronal sections were made an indurated area 2 by 1 cm. was r r ^ 
the parietal lobe of the right cerebral hemisphere. This subcortical tumor was a > 
lateral to the median line. The defect was filled with a yellowish ' (f,g. 1.3). 

somewhat inspissated and friable, with tiny glistening spots on the .sectioned ‘ rcvcnk'l 
A smear of the material disclosed many cholesterol crystals. Itficroscopic cxamin. 
a cyst wall, the outer part of which was made up of dense glial scar tissue, jl,.. 

part was dense, fibrous scar tissue. This fibrous lining was a()parcntly contiini 
fibrous tissue of the pia at the depth of a sulcus. The cyst contained a granu a , 
form of debris showing many lenticular clefts (cholesterol cryst.'ils) and oci tp-u’ 

.'\n epithelial lining was not evident in the microscopic sections. The adj.iccii 
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showed distortion from pressure, with increase of the plial supportiiiR tissue and atrophy of 
the parenchyma. There was an c.xtcnsive inflammatory process of tiic meniuRes. with exudate 
consisting largelv of polymorphonuclears. \Vlicn the dura was reflected innn the spinal cord, 
it was found to’ be covered by a thick veil of yellowish, oiiaipie exudate. .Mthough micro- 
organisms were not seen in the tissue sections, direct smears stained with Gram stain showerl 
intracellular gram-negative diplococci. It was not possible to obtain the organism in culture. 
Dr. Budd concluded on the basis of tbc smear findings that acute cerebrospinal epidemic menin- 
gitis was the tenninal event. There was in addition an epidermoid involving the cortex of 
die parietal lobe along the right median surface. Additional findings of interest included two 
diverticula of the intestinal tract and a gastroenterostomy with a small marginal ulcer. 

C.\SE 17 . — htcrcasiiici right hcviil'arcsis jor five years; rohUgeiiograins revealed a gronh of 
calcifications wcasitriiig 2 inches (5 cm.) in all dimensions lying loithin the left middle fossa 
of the shuU; olicrativc rcmoial of a large subdural efiidermoid ; death and autopsy. 

A married man aged 39, a truck driver, was referred on July 16, 19a5. His first symptoms 
occurred in 1929, with pain in the right forearm radiating down to the hand ami up to the 
shoulder. Later pain was noticed in the right leg. Difficulty in using tbc right band, which 
was observed in 1930, continued and increased. Dragging of the right foot appeared in 1931 and 
continued tliereafter. Increasing numbness of the right side developed. During the past 
year difficulties in speech occurred, in that sometimes he was unable to talk, although he knew 
what he wanted to say. There was also difficulty in reading and in writing. During the 
previous year, and especially during the last three or four months, he bad suffered severely 
with headaches, the pain being mainly in the right occipital region. Since 1930 the patient had 
had occasional jacksonian seizures involving the right side of the body. Occasionally he was 
troubled with nausea and vomiting. He had noticed no impairment of vision or hearing, and 
prior to his present illness his general health had been good. 

Examination . — This patient was obviously handicapped by right hemiparesis and by diffi- 
culty in speech. Funduscopic examination showed somewhat hazy disk margins with over- 
filling of tire veins, but no measurable elevation. There was a noticeable weakness of the 
right side of the face, central in character. The visual fields showed no constriction on rough 
testing. There was a complete astereognosis of the right hand, a right hemiparesis amounting 
to a complete paralysis of tliat hand and pronounced weakness of the right side of the face 
as well as less weakness of the right leg. The Romberg sign was present, the gait being so 
hemiplegic that the man was barely able to walk. The abdominal and epigastric reflexes 
were sluggish on the right and active on the left. All of the deep reflexes were hyperactive on 
the right and active on tlie left side. Ankle clonus was present on the right and absent on the 
left. The Babinski reflex and allied signs were positive on the right and negative on the 
left. The blood pressure was 150 systolic and 90 diastolic. 

Roentgenograms of the skull demonstrated a large group of small calcifications, measuring 
approximately 5 cm. in all three dimensions, Ijung within the left middle fossa of the skull. 
The lower margin of tliis area was about 1 cm. above the level of the clinoid processes. 

At operation .-^ug. 8, 1934, a firm nodular tumor could be felt directly under the dura in 
the left temporal region. Opening of the dura disclosed a large epidermoid which measured 
about 8 by 6 by 4 cm. in various diameters. It resembled a potato with nubbins on it. Its 
contents consisted of a cheesy material which was often pearly white. The tumor had a definite 
capsule which was thin and had many ramifications. During closure of tire wound the patient 
suddenly died. At autopsy Dr. Cyril B. Courville reported tlie essential pathologic changes 
to be in the region of the left sylvian fissure, where two large irregular openings in tlie 
membrane were noted, tlie posterior one measuring 4 by 4.7 cm. in diameter. Beneath the 
thickened and opaque leptomeninges in the sylvian fissure, tlie remnants of an epidermoid 
were observed. Nodules of this tumor were found in the superior surface of tlie left temporal 
lobe, while down in the depths of the cavity the tumor was evident in irregular masses. At 
its greatest depth tlie cavity actually measured 6 cm. The gross diagnosis was epidermoid 
(pearly tumor) of the left sylvian region, with operative subtotal remoral. 

A section was taken from the nodule of the epidermoid still present in the brain. The line 
between the tumor and the brain was not very distinct, since the superficial cells of the tumor 
lay in such intimate relationship with the brain substance. These cells, however, were quite 
characteristic. 

C.\SE 18.— Large ct'idcrmoid in the left ccrchcUar region; incomplete operative removal; 
death six days later. 

A 57 year old engineer was examined on .\ug. 31, 1936 by Dr. Ci-ril B. Courr-ille and, in 
consultation t\ ith one of us, on September 2 of the same vear. Some twentv vears previouslv 
the patient had first been troubled with tinnitus in the left’ ear, which persist^’ for about seven 
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u.ii.s hc'i’dii' tli'.;iji|H';irinf:. Willi tlic of Ihr litiniiiis !n\ hc.'iriiiK ficraiiic mipairal, and 

In llic fiiiK’ llie tiiiiiiliis had (■fa''t'(l llir left ear wa'; deaf. Ahfiiit 1926 he exiivricriccd [icnodic 
p.iiii ill the oceijiital repinii, which he deM'rilicd hest as a sense of pressure. W ith die pressure 
ssniptunis he often .saw {lonhle. Jn a few months ihi'. disajiiK-ared, hut it returned again during 
the last few j’ears. .Ahont 192/ he noticed slmrt spells of unsteadiness lasting only a few 
seconds at a time. 1 wo years later they »Iisai)|tearefl, anrl insleail there tleveloped a gradually 
[irop-essive feeling of unsteadiness, particularly in the left hand and leg. fn 19J2 nr 1935 the 
patient discovered a weakness of the left side of the face which hccanic gradually more 
Iironounced. 


Ji.Yiuiiiiuilloii. — 1 he fundi were normal. .A iiroiiounred weakness of the left c.vtcrnal rectus 
muscle was evident, and tiie patient saw douhle when looking .straight ahead or to the left. 
■J'here was a noticeahle liori/ontal nystagmus on looking either to the right or to the left, of 
wider amplittide on looking to the left hut more ra(iid on looking to the right. The cornea! 
rcfle.x was diminished on the left, and llu' same was found to he true of sensation over the 
left trigeminal area. I lie motor tlivision of the fifth nerve was intact. There was a moderate 
jieripheral weakness of the left si<le of the face. The ticking of a watch was heard at a 
distance of 2 feet (60 cm.) from the right ear, hut was not heard when the watch was pressed 
against the left ear. .Air conduction was better than hone conduction on the right, but bone 
conduction was better than air eondnetion on the left. In the Weber test the sound was not 
lateralized. 'I'he cranial nerves were otherwise intact. Tests for coordination di.sclosed notice- 
able ata.xia of the left arm and leg. The Komberg sign was present, the patient swaying 
backward and to ilie riglit. Me tended to walk on a wide base and was slightly ataxic- 
.Anteroposterior roentgenograms of tlie skull revealed an erosion of the left porus acu 5 ticu> 
internus. It was believed the patient had an acoustic neuroma on the left side. , . 

He was subsequently ojifrated on, Xovemher .3, by Dr. H. C. iCafTziger, who was surprise 
to encounter a pearly tumor when he elevated the left cerebellar lobe. He curetted out a large 
amount of characteristic (laky, white material. The sac had eroded tlirough the bone abou 
midway between the foramen magnum and tiic tip of the petrous bone. The cyst extended in 
front of the medulla and then around into the cerebellum and info tlic left cerebellar 
.All possible material was curetted out, and the accessible portions of the capsule were remove • 
Tlie patient's postoperative condition became critical, and he died si.x days later. 

Dr. Conrvillc reported that the iiistologic sections presented a classic parallel 
structure arrangement, staining feebly. A condensed distended portion, which apparent } v 
the capsule of the growth, stained a bluish pink. Tlic remaining portion of the tissues siov 
the classic wood fiber arrangement usually found in tiiesc pearly tumors. 

Cask 19. — El’idcnnaid of the right ccrcbciloponiUc angle partially removed Dec. 16, 
rcc.vploraiiou ami complete removal of the tumor Feb. 10, 193/ ; recovery. 

A married woman of 19 years entered the hospital Dec. 17, 1936, complaining of 
for two years, progressive unsteadiness of gait for six months, and blurred, fading ms 
four montlis. In 1935 the intensity and frequency of the headaches increased, an v 
frequently accompanied by vomiting. During September 1936 her vision began ’gj-ed 

by October she was unable to read print. Disturbance of equilibrium was firs 
during July 1936. Gradually she began to stagger more to the right than to the e 
progressed slowly, so that at the time of her admission slie could not walk unassis e . 

E.vamhwtion . — The patient was unable to recognize the usual test odors in 
Funduscopic e.xamination rev'caled bilateral papilledema of 1 to 2 diopters. _ Her p 
somewhat dilated and irregular, reacting sluggishly both to light and in j,Qr„iai. 

Nystagmus u'as noted in. all directions, but otherwise the e.xtraocular movements we 
The corneal reflexes w-ere bilaterally sluggish. Perception of the ticking of a wa 
diminished in each ear, and perception of sound from a tuning fork was laterahzc 
ear. The remaining tests of cranial nerves gave normal results. testifS 

Although vv'ell oriented, slie w'as somewhat lethargic and at times facetious. o ^pper and 
of the visual fields suggested concentric constriction. Coordination tests of present, 

lower extremities demonstrated some ataxia bilaterally. The Romberg sign ‘ ^ ^qual 

Her gait was ataxic; she fell toward cither side. The superficial and deep refle.xes 
and active, the Babinski reflex and allied signs being negative. _ Tbe^ blood gave 

systolic and 85 diastolic. Laboratory examinations, including urinalysis and b oo ^ j^pgranis 
normal results, and the Wassermann reaction of the blood was negativ^e. also 

of the skull taken Dec. 10, 1936 revealed a slight separation of the sutures. _ 
a beaten silver appearance of the skull, and the dorsum sellae showed some ttinior 

A suboccipital craniotomy was performed December 16 by Dr. R. B. Raney. 
was palpable under the dura over the vermis. When the dura was opened a pc 
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exposed, overlying the medulla and the vermis. The .■surrounding capsule was so densely 
adherent that removal was impossible. It was therefore opened and the white caseous material 
removed, after which the wall was electrically cauterized and closure carried out in the 
usual manner. 

Dr. Cyril B. Courville reported on a mass of irregular fragments of grayisli or pearly 

white tumor tissue taken from the midlinc of the cerebellum. The fragments of capsule 

showed the tvpical mother-of-pearl appearance. The histologic sections revealed only a small 
amount of shredded linear material staining pink, which was characteristic of an epidermoid. 

The patient returned to the hospital Feb. 5, 1937, unimproved. She was reoperated on 
February 10. by Dr. Raney, and the remaining capsule, which had been destroyed by cautery 
during the first procedure, was completely removed. .After the second operation she gradually 
impros'ed. ^Vhen she was examined Dec. 9, 1938 her vision was steadily improving. 

C.VSE 20. — Basilar epidermoid in the left frontal repion accidentally found at autopsy. 

A white man of 68, a WP.A worker, first entered the hospital Feb. 14, 1937, in the medical 
sers'ice, with the history of passing tarrj' stools two or three days previously. The morning 
before his admission he fainted and was unconscious for an indefinite period of time. .After 
this he had three episodes of vomiting and lost about a pint of blood. Fluoroscopic examina- 
tion March 4 revealed an ulcer at the base of the duodenal bulb. Two more or less similar 

episodes with admission to the hospital occurred March 24, 1937 and Afay 2, 1939. On the 
last occasion, however, severe hemorrhage again occurred, which resulted in his death. .After 
autopsy the cause of death was reported as atrophic cirrhosis of the liver, with esophageal 
e'arices and massive hemorrhage. 

Postmortem examination of the brain revealed a sharply outlined, encapsulated pearly 
tumor, measuring 2.1 cm. transversely and 2.5 cm. anteropostcriorly, which was embedded in 
the middle and posterior portions of the basilar surface of the left frontal lobe. Microscopic 
examination showed it to be an anuclear structure made up of strands and layers of fibrous 
material. In the examined section none of its peripheral membranes were present, but the 
study of the section itself strongly suggested the diagnosis of an epidermoid. 

C.\SE 21. — Epidermoid of the left ccrcbellopontile angle; death after operation; autopsy. 
A laborer of 41 entered the hospital June 11, 1937, complaining of failing vision since 
1932, pain in the back of the head since 1933 and dizzy spells, tremor of the left leg and 
weakness of tlie left hand for the past four months. Since 1931 he had been botliered with 
periods of depression. He volunteered the information that he thought there was' “something 
loose” or a tumor in his head. For some ten years he had noticed increasing impairment of 
hearing in the left ear, and for four years there had been ringing in that ear. 

Examination showed blurring of both optic disks, with numerous hemorrhages in both 
fundi. Horizontal nystagmus occurred on gaze right and left, and rotary- nystagmus on 
upward gaze. The pupils were circular, equal, and reacted well and equally to light and in 
accommodation. Alarked hypesthesia u-as noted over the three divisions of the right trigem- 
inal nerve, with absence of the corneal reflex on that side. There was also a weakness of 
the lower part of the face. By gross testing some impairment of hearing was discovered in 
the left ear. Speech seemed somewhat thick. Rough testing revealed that the visual fields 
were contracted moderately. Tests for coordination revealed some ataxia of tlie upper 
extremities, particularly the left, but no significant incoordination of the lower extremities. 
The Romberg sign was absent, and the gait was normal except for a tendency to fall with 
rapid turning. 

Roentgenograms of the skull, including the Towne position, demonstrated no pathologic 
conditions and showed no evidence of increased pressure. Vestibular tests indicated some 
impairment of the responses on the left side, and hearing tests revealed some impairment for 
the higher frequencies. .A lumbar puncture yielded spinal fluid with an initial pressure of 
350 mm., clear and colorless, with a normal cell count and a negative AVassermann reaction. 
The Wassermann reaction of the blood was also negative. 

Preoperatively it was tliought that the patient had a left-sided cerebellar tumor. .A sub- 
occipital craniotomy was performed June 23. 1937 by Dr. G. H. Patterson. .After the dura 
was opened and the lateral surface of the left cerebellar lobe removed, a large epidermoid was 
exposed. It extended into the angle, compromising the seventh, eighth, ninth, tenth and 
eleventh cranial nerves. By means of a curet and cautery almost all of its contents and 
0.-1115010 were removed. The entire mass seemed the size of a tangerine. The patient’s con- 
dition was poor. He failed to improve, and in spite of the usual supportive therapy he died 
that night. .An autopsy was performed, and the brain was examined bv Dr. C. B. Courville. 
The specimen consisted of numerous fragments with a nodular surface and mother-of-pearl 
appearance. Study of a section through one of the fragments showed a narrow remnant ot 
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M.rf.-.cu fi.itlicliuni. f-nnin,: a (laric fiiq.lc border r.f ll.c cel!. Ti.e tissue beneath occurred in 
iL oiiii () .1 loose iMt.ilIel ai i.'Ui;;emc'iit of the .straiKls of .structureless material characteristic 
<> the lunjoi, i he )nirjf)>c()pic coijfinjRvI ihc* hrifjrcssion of cpKlcrmoiVL 

C.\si: 22.~l’arapo)UiIc epidermoid aeeidenUdly found at oiitopsy. 

A 5-} ye.ir old woman was admitted to the medical .service June 21, 3937. About three. 
\\eelis (uevioiisly she had hec’ome itito.vicatcd, atid as a rcstdt she was kept in custody for 
a unit fne d.iys. J’ecanse her condition failed to improve she ivas transferred to the hospital 
foi diafrnosis and treatment. She had had frequent sjiells of dy.sjmca and coughing with 
c.xiiectoratiun of hinod-streahed s|nituni. Koentgeiiograms of the chest showed abnormal hazy 
density of alnuist the entire left inihnonary field, indicating a long-standing intrapulmonary 
tnherenlo.sis. Ihe W asserniann and the Kaim reaction of the hlruxl obtained June 23, 1937 were 
negative. Hecause of the advanced pulmonary fnhcrcniosis the patient was referred to the 
nearest county tiiherciilosis clinic. 

She was again seen JJec. 29, 1937, when she was brought into the hospital in coma, with 
the diagnosis of a cerebral accident and a right-.sided hemiplegia. I 9 eath occurred the following 
rlay, and an autojisy was performed by the coroner. Ilis oh.‘;ervations included a small c,xtra- 
dural hemorrhage anri a large subdural hemorrhago over the left frontal lobe of the brain. 

J here was also evidence of old lubercuIoNis with cavitation in the left iqiper pulmonary lobe. 

In the brain Dr. Cyril 11. Courville found moderate thickening- of the Icptomcningcs on the 
dorsolateral surfaces of the frontal lobes, and Ihe remains of a subdural hemorrhage over tlic 
dorsolateral surface of the left cerebral hemisphere. A typical pearly tumor was found, 
siireading over the base of the pons and medulla and c.\tending into the cercbcllopontile angle 
on each side. 'J'he apiiearance of the tumor was characteristic; it had a brilliant pearly 
surface and the cajisule disclosed a whitish material beneath. Microscopic c.vamination 
corroborated the gross diagnosis of eiiidermoid. 

C.'Sii 23. — Rnrapituitory epidermoid ; partial remozvl and operathe recovery. 

A 1(> year old liigh school girl wa.s referred on April 2S, 1938. She had noticed loss of 
vi.sion in the right eye since 1931, and progressive loss of vision in the left eye since Mareh 
3938, In 3934 only a slight acuity remained in the right eye. The first intimation of impair- 
ment of vision of tlie left eye occurred during March of 1938, when s!ic discovered she uas 
unable to see as clearly as before. By April 1 she had difficulty in reading, and from tia 
time she felt tlicre had been a slowly progressive impairment of vision. Although the 
wa.s unable to state e.xactly when her headaches began, she believed tlicy were related to 
failure of vision. At first the lieadaciic was present every week and ^cemed to involve 
tlie region of the right eye. She recalled that about three years before she bad suffered a m ^ 
daily with headaches over this area. Usually' they' occurred in tlie afternoon and lasted ® 
hours. During the past two years these headaches occurred about twice a week and " 
last a good part of the day. After the failure of vision in the left eye, she also had 
in this eye. Occasionally' in the last two years she liad been somew’hat dizzy on get » S 
in the morning. , 

The fundi showed an atrophic bluish white disk on the right side. The atrophy 
left disk was more marked on the temporal tlian on the nasal side. The right eye was 
With correction the vision in the left eye was 5/J5. The cranial nerves were ° 
to he intact. The left visual field showed a temporal hemianopsia. The rest of tlic .j ]3 
examination disclosed nothing noteworthy. Roentgenograms of the skull taken P 

revealed convolutional bony atrophy, suggesting increase in intracranial prcs^rc. ^ 
turcica was normal. The Wasscrinann reaction of tlie blood was negative. The 
was under an initial pressure of 190 mm. and was clear and colorless; there w'as no g 
and the Wassermann reaction was negative. . . 

Ventriculography on May 4 showed nothing significant. In view of the 
the left temporal hemianopsia, a pituitary exploration was performed. Exposure o .^,^1 pf 
region uncovered a glistening mass, the contents of which were the flaky materia ^, 501 - 
cholcsteatoma. A large amount of this material was removed along with some o 
brane of the cyst. The actual extent of the tumor could not be determined, u 
believed complete removal was impossible. , j-ay or 

Dr. R. W. Hammack reported that the specimen consisted of a larp anioun 
pale yellow material. In places the surface was distinctly pearly. Microscopic - jjagposis 
revealed innumerable squamous epithelial cells and a few cholesterol crysta s. 
was epidermoid cyst. Athough the patient has remained well symptomMica y, ,„a(!c 

no improvement in her vision. Both optic nerves were bluish white. The \isua 
at this time were essentially the same as those previously' taken. 
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Comment . — In coiUrasi to the diploic or cranial epidermoids, tlie results with 
the intracranial epidermoids are far less satisfactory. I liis is due to the fact that 
they are less accessible and their capsules may he so intimately associated with 
vital structures that complete removal is impossible. The 4 cases of epidermoids 
of the cerebellopontile angle reveal symptoms and signs similar to tliose of acoustic 
neurinomas. The epidermoids, however, show a greater involvement of the adjacent 
cranial nerves than is usual with acoustic neurinomas. 

I'.\TnOLOC.Y 

From the time of von Remak's"’" excellent publication in 1S54. in which he 
expressed his opinion that these rare neoplasms resulted from epithelial rests, 
numerous views have been advanced concerning them. For the most part they have 
merely corroborated his original conception. Virchow considered all of them due 
to disturbances of development, and was supported by Mikulicz in 1879 and by 
Kuster in 1SS9. He classified them as heterologous tumors arising in the con- 
nective tissue. Though it seems evident he regarded them as epithelial, he confused 
his contemporaries by comparing them with cancroids. 

Perls,^“ the first to challenge von Reinak’s epithelial hypothesis, was of tlie 
opinion that these tumors came from the endothelium of the neural lymph spaces ; 
others, including Klebs in 1889. Schmaus^^ in 1895 and Glaeser in 1890. agreed 
with him. This is more easily appreciated when it is realized that after Muller 
had devised the tenn, a variety of tumors came to be called “cholesteatoma” with 
little regard to their cellular origin, for no other reason than that they contained 
cholesterol crystals. The interpretation of these tumors became further complicated 
by the occasional tendency of endothelial growths to copy the structure of choles- 
teatoma. Such an e.xample is the so-called cholesteatoma of the choroid plexus 
which Klebs correctly believed to be endothelial in origin. These intraventricular 
tumors are not comparable to the usual cholesteatoma, and Blumer’s term of 
“cholesteatomatous ^dotheliomata” is probably quite suitable. Certain of the 
suprasellar cysts of pharyngeal (Rathke's pouch) origin have similarly complicated 
the nomenclature. Cholesterol crystals are precipitated in tire fluid contents of some 
of these cysts, and although the)' undoubtedly originate from epithelial rests dating 
from an early period of development, these inclusions are of pharyngeal rather 
than of cutaireous origin and have fluid contents in place of the fatt)' mass of des- 
quamated cells or cholesteatoma proper. 

Critchley and Ferguson ® felt that in spite of the endothelial theor)' of Klebs, 
Peris. Kehrkorn and Kakeshita, they could subscribe only to an epithelial hypotlresis 
for the origin of these tumors. It seemed to them that the most obvious probability 
was that more than one type of tumor had been described as “cholesteatoma,” the 

30. von Remak, R. : Ein Beitrag zur Entwickelungsgeschichte der krebshaften Geschwfilste, 
Deutsches Arch. f. klin. Med. 6:170, 185-4. 

31. Mikulicz, cited by Kay, F. A., and Pack, G. T.: Cholesteatoma of the Brain: Report 
of a Tumor of Unusual Size, .A.rch. Keurol. & Psychiat. 19:446 ()ilarch) 1928. . 

32. Kuster, cited by Kay, F. A., and Pack, G. T. ; Cholesteatoma of the Brain : Report 
of a Tumor of Unusual Size, Arch. Neurol. & Psychiat. 19:446 (March) 1928. 

33. Peris, ^f. : Lehrbuch der allgemeinen Pathologie fur Studirende und Aerzte Stutt- 
gart, F. Enke. 1877. vol. 1, p. 486. 

34. Klebs, G. : Die allgemeine Pathologie, Jena, Gustav Fischer, 1889, vol. 2, p. 627. 

35. Schmaus. H.: Grundriss der pathologischen Anatomic, ed. 9, Wiesbaden T F Ber®^- 

mann, 1910, p. 241. . J • =. 

o6. GUeser, E. . Untersuchungen fiber Cholesteatome und ihre Ergebnisse fur die Lehre 
von^der Enstehung der Geschwiilste. Virchows Arch. f. path. Anat. 122:389, 1890. 

37. Blumer, G.: Bilateral Giolesteatomatous Endotheliomata of the Choroid Ple.xus Johns 
Hopkins Hosp. Rep. 9:279, 1900. 
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usual variety heiii.it; vlearly epithelial. 'I'lie other f,M'‘’i>l* "'hieh Klch.s.”' Kake.shita 
aud others *' h.ave deserihed was witluntt doiiht etidothelial. 

Martin, Dechaume and I’uij^ ”’ jioiiitefl out that the two tiiain possibilities 
of orif^iu of the epidermoids were that thtw developed either from a fetal inclusion 
of epithelial cells or as a result of metaplasia of tin; endothelial cells of the meninges. 
Virchow, leherth aud hater ( ilaeser favored the idea of metaplasia. As pointed 
out by Critchley aud l''ert,'us<iu,''’ however, if the metaplasia theory were correct, 
one wotdd e.vpect to liud transition forms between the epithelial and the endothelial 
elements in the same tumor, something' they were unable to fleinonstratc. In 
agreement with most others, they e.xpressed the opinion that thc.se neoplasms 
occurred as a result of a fetal iuelusiou of epidermal cells, which, depending on the 
depths of the layer or according to the embryonic age, poaliiccd either an epidermoid 
or a dermoid type of tumor. 

Closure of the medullary groove occurs at the beginning of the third week 
of fetal life, when eoustrictious appear in the formation of the three priinar) 
cerebral vesicles. Most writers accept HostrfK’in’.s conception that misplaced cells 
from the dermal or ci)idermal anlage give ri.se to the dermoid or epidermoid tinnois 
found in the midline of tlie brain. During the fourth and fifth week, when the 
secondary vesicles are developing in the forebrain and the metcncephalon and the 
niyclcnccphalon arc becoming clifl'ercntiatcd in the hindbrain, cell rests that are 
misplaced ma}’ lie away from the midlinc. 

Such hypothesis affords a reasonable and adetjuale e.\)danation for the occurrence 
of the majority of epidermoids : those, in other words, arising from the i)asal cxca'a 
lion of the brain. It does not, however, account for the origiit of the intraccre rra^ 
tumors and the intradiploic and the cholcstcatomatous growths within the spins 
canal. Mowever. there seems no reason why the same factor of cell 
is not similarly tenable. Critchley and Ferguson'’' j^ointed out. moreover, tia 
explanation of the occurrence of ejdthclial elements in association with 
branes become intelligible. This is based on the investigations of Harvey an ” 
on meningeal development, in which they demonstrated that certain ectocci 
elements, derived in large part from the neural crest, are contributec o 
mesenchyme and take part in the formation of the Icptoinem’nx. ciitioiis 

The cholcsteatomatous masses associated with clironic suppmative con 
of the middle car have generally been considered entirely different [jjsfj’c 

result from a chronic inflammatory desquamative process and are no nc^^ 
as are the true dermoids. In contradistinction to the primary or tine '^1”’ 
secondary type of cholesteatoma has also been called caseous metamoip losis, 
matory cholesteatoma and cholesteatosis. . jj, the 

VVingrave expressed the belief that the cholcsteatomatous 
car occurred after prolonged ])ersistence of jjcrforations of the tympanic i 
as a I'esult of the replacement of the normal e])ithclium of the mic c 
squamous epithelium. It was liis opinion that this metaplasia rapikll'" 

the tympanum liut the adjacent pneumatic spaces as well and t ia ^ (lifjficult- 
growing new epithelium accumulated because cytolysis and disposal ue 
Variations of this theory have been expressed by numerous otologis s. 

38. Kakeshita, T. : Zur Pathologic dcr Hirn-Cholestcatome, Arb. a. d- net 

d. Wien. Univ. 27:327, 1925. . . ; Ac tics 

39. Martin, J. F. ; Dccbauine, J., and Puig. R. : Morpbologic et histogcn 

ineningecs craniennes, Ann. d’anat. path. 5:277, 1928. , . , j^Tctirnb ^ 

40. Harvey, S. C., and Burr, H. S.; Development ot the Jitemngcs, 

Psyebiat. 15:545 (May) 1926. i j aryiig- ^5= 

41. Wingravc, V. H. W. : Notc.s on tbc Pathogeny of Cbolcstcatmiata, j- 
..^9, 1910. 
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Those favoring metaplasia of tlie mucous mcml)rane of the middle car as the 
explanation of this problem have not been without criticism. < )ne oi the main 
difficulties has been to account for the manner in which a tumor compr)Scd of 
stratified and horny epithelial cell elements might arise in a cavity lined with 
columnar epithelium. It has also been pointed out that mere epidermal invasion 
of the middle ear is not sufficient to cause cholestcatomatous growth. .\s early as 
1878 Schwartze *- described epidermic blind pouches jutting into the middle ear 
and persisting throughout life without tumor formation. Rare cases. mr)reover. 
have been reported in which no perforation of the car drum was demonstrable 
through which epidennal invasion could take place. It was ])robably for this 
reason that the theory of metaplasia of the antrotympanic membrane arose. Such a 
cholesteatoma usually follows marginal rather than central perforations of the 
eardrum. Wingrave has compared the mechanism with the well recognized phe- 
nomenon in which rectal and nasal polyps undergo transformation of their surface 
into a stratified or horny type of tissue when they protrude permanently from 
their orifices. 

Another type of cholesteatoma rather infrequently encountered by otologists 
is that variety originating within the mastoid air cells, one which apparently 
develops without the necessity of either tympanic perforation or sepsis. Liicae 
in 1873 was one of the first to record a cholesteatoma arising in the mucous mem- 
brane of the tympanic cavit}- with no evidence of perforation of the eardrum nor 
any indication of aural disease. 

Cushing was of the impression that many of the cholesteatomas reported 
by otologists were true epidermoid tumors, originating from aberrant epidermal 
rests laid down in the temporal bone during the early fonnation of the complicated 
special sense organ it contains. He expressed the opinion, moreover, that it was 
not improbable in many of the recorded cases that the cholesteatoma itself was 
responsible for the otitis media, rather than the reverse. The possibility that the 
cholesteatomas of the petroas and of the mastoid are merely examples of the larger 
class of diploic or cranial epidermoids merits further consideration and investigation. 

Ordinarily the gross appearance of an epidermoid is so characteristic that a 
correct pathologic diagnosis can be rendered at sight. So striking is the glistening 
white capsule that it has seldom failed to impress the observer. Often the contents 
of the epidermoid tend to fragmentation, although caseation and necrotic change 
may occur in tumors of long standing. The dermoids, on the other hand, are 
often soft with cystic consistency. Although they frequently have a pearly sheen, 
their color is more likely to be an opaque 3 'ellow. The presence of sebaceous 
material, fat and cholesterol crj-stals in var\-ing proportions determines the con- 
sistency of the dennoids. and usually the\- contain hairs, coiled, clumped or matted 
together. It has been considered that the presence of hair may be regarded as 
pathognomonic of the dermoid or teratoid type of growth. On cross section 
an epidennoid has a unifomr consistency and contains a finely granular, white 
or creamy yellow material which tends to be laminated. If the section is made in 
another plane, it has a concentric laminated appearance not unlike that of an onion. 
The surface of the tumor, moreover, has a soapy or waxr- quality. The absence 
of vasculariU’ is a notewortlw feature of the epidermoids. In most cases a definite 
point oi attachment and a more or less intimate association with the pia-araclinoid 
are demonstrable. 

42. Schwartze, H.: Pathologische .\natomie des Ohres, Berlin, A. Hirschwald, 1S78. 

43. Lucac. J. C. .\. L.; Arch. i. Ohrenh. 1:225. 1873. 

44. Cushing. H.: X Large Epidermal Oiolesteatoma of the Parietotemporal Region Deform- 
ing the Left Hemisphere Without Cerebral Sj-mptoms, Surg.. G\-nec. & Obst. 34:557. 19i2. 
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ihvrc is ;i closf. rrsviuMancc ln;t\vcen tin; tlcrmoids and the 
ci)i(k'niioi(ls. Init, ns tin; iinmc implies, ilu: ej)i(lermoifIs consist only of ectodermal 
derivatives, while tlie dermoids are, charncleri/.efi hy ectodermal epidermis plus 
mesodermal corinm with its connective tissue, fat cells, sebaceous glands and hair 
follicles. 'I'he dermoids consist of a fibrous outer layer, a connective tis.sue stroma 
and an eiiithelial inner layer, 'i'he connective tissue matrix or corinm may contain 
.sebaceous glands, hair follicles, fat cells, smooth muscle, ela.stic fibers and blood 
vessels. Calcification aiul bony or cartilaginous spicules may occur in the connective 
tissue matrix and be visible roentgenographicaily. .\itbough histologically the 
epidermoids arc usually composed of four concentric layer.s of dilTercnt thickness, 
named the stralnm durum, the stratum granulosum, the stratum fibrosinn and 
the stratum ccllulnsum, each of these mav become detached and lie free. For 


this reason they are dinienk to fix and .section, and the microscopic picture often 
is ragged and fragmentary. 'Fhe more external stratum durum, the layer respon- 
sible for the ])early sheen, is made up of layers of collagen fihcr.s with little or no 
trace of cellular formation. 'J'he underlying stratum granulosum. essentially a 
cellular layer coni])osed of stratified to cuhoidal epithelium, corresponds with the 
dermis. Its ly])ieal cell is a comparatively large, oval or circular structure with a 
large rounded nucleus, both of which stain intensely blue with iron liematoxyiin- 
Throughout the cytojdasm arc .scattered fine gramilc.s of keratoliyalin. which m 
the deeper layers of the stratum become larger and more numerous. Between le 
stratum granulosum and the deeper layer.s of the tumor, there is usually a swrp 
line of demarcation and even an actual gap. .Although the stratum fibrosum an 
the stratum ccliulosnm are the innermost zones of the neoplasm, a clear oi 
entiation between tliesc two strata is often not possible, for the tissue under yiio 
the stratum granulosum seems to pass by gradual transition into the main cen 
mass of the epidermoid. These layers bear some resemblance to the stratum u™’ 
and are made up of loosely packed layers of wavy, homogeneous laminas 
the staining properties of keratoliyalin. It has been felt that a more approprw^^ 
name for the tissue constituting the bulk of the tumor would be area 
because of its similarity in appearance and in chemical properties to t e 
superficial elements of the dermis. In the area cornea are the retention pr 
of cast-off dead and horny scales. The presence of cholesterol crystals is 
for by the breakdown of keratin and keratoliyalin. There is a striking a sene 
vascularity’’ throughout the whole of the tumor. , 

With the exception of the cei-ebellopontile angle and the diploic areas 
skull, the ordinary situations of the dermal and of the epidermal 
similar. They arise for the most part from the subarachnoid cistern 
near the midline at the base of the brain or in the region of the fourt i 
While one of the most common places for the non-hair-containing variety is 
cerebellopontile angle, few dermoids have been reported in such jjploe, 

Bucy has pointed out, epidermoids may'- arise beneath the scalp, within t le^ 
between the bone and the dura mater and beneath the arachnoid 
less common, slowly^ accumulating epidermoids between the inner an ^ gj^fomi 
table of the skull, the intradiploic type, may attain great size and mar 
one of the cerebral hemispheres without giving neurologic evidence o r 
ence.®'* On the other hand, few diploic dermoids have been reporte 
growth of an extradural, intradiploic cholesteatoma, the tables o 1 1^ 
pushed apart, with absorption of either the inner or the outer tab e or 

Intradiploic Epidermoid (Cholesteatoma) of the Skull, Arcii 


31 : 


45. Bucy, P. C: 
190 (Aug.) 1935. 
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inner table as a rule being more affected. The rc.'^ult is a fairly characteristic 
roentgenographic picture, with a clear line of demarcation caused by a ridge of 
the bone forming a rim around the margin of the growth. 

The dermoids are usually much larger than tlic epidermal tumors and have 
a tendency to push into one or the other cerebral hemisphere, especially in the 
temporal lobe. They are also much more apt to be cystic and are more freciuently 
single than are the epidermoids. 

According to Frank,'*” in the case recorded by I^damc in 1890 three tumors 
occurred, two in the lateral ventricle attached to the corpus callosum and another 
nearby. The first reported epidermoid of the spinal cord, that described by 
Eppinger ■*• in 1875. was one of multiple tumors of the cord and brain growing in 
relationship with the blood vessels. In Trachtenberg’s *'’ case reported in 1898 
there were multiple arachnoid epidermoids and dermoids of the cervical, dorsal 
and lumbar portions of the cord. Cholesteatomas were likewise found in the left 
sylvian fossa, in the left frontal lobe, in both lateral ventricles, in the choroid 
plexuses of the lateral and third ventricles and in the corpora quadrigemina. 
^licroscopically he found them to resemble the tumors described by Bostroem." 
Other examples were published in 1903 by Ivanoff and in 1904 by Raymond. 
Alquier and Courtellemont.”” 

With the exception of the diploic epidermoids, the diagnosis and localization 
of these tumors depend on the same methods used for other intracranial neoplasms. 
In spite of the fact that the roentgenographic picture of the diploic, or cranial, 
epidermoids is strikingly characteristic, these tumors are frequently operated on as 
sebaceous cysts. This is probably accounted for by the fact that the roentgenographic 
appearance and pathologic characteristics of these tumors are relatively unknown. 
Love and Ivemohan have pointed out that sebaceous cysts of the scalp should be 
distinguished from epidermoid tumors situated between the scalp and the skull, 
the greatest difference being an absence of squamous epithelium and of kerato- 
hyalin granules and the presence, instead, of a secreting type of epithelium in the 
former. 

Of our series of 11 diploic epidermoids, only 4 were properly diagnosed when 
first seen. Three of the patients were operated on elsewhere. One of these 
epidermoids, which had been operated on several times without complete removal, 
showed suggestive malignant change, sufficient to give the appearance of a squamous 
cell carcinoma. 

As has been emphasized by Cushing, “ Bucy,'*” King-^ and others, it is 
important that the wall of the cyst, which is the only living, growing part of the 
neoplasm, be completely removed. This must be done to prevent recurrence ; 
simple evacuation will not suffice. Because the diploic epidermoids are easily 
diagnosed, are accessible surgically and usually can be removed entirely, it is 
important that they be recognized before tliey reach a size which might make 
complete removal impossible. A good illustration of the importance of this is 
evident in case 9. 


46. Frank, C. : Ueber einen in der Duerener Irrenanstalt beobacliteten Fall von Chole^tea- 
tom, .\llg. Ztsclir. {. Psydiiat. 46:30, 1890. 

47. Eppinger, H. E.: Mirteilungen aus dem pathologiscben anatomischen Institut, Prag., 
Vrtljschr. f. d. prakt. Heilk. 133:126, 1875. 

48. Trachtenberg, ^I. : Ein Beitrag zur Lehre von den arachnoidealen Epidermoiden 

und Dennoiden des Hirns und Ruckenmarks, Vircliows Arch. f. path. Anat. 154:274, 189S. 

49. l\anoft, S.: Cholestcatoin des Ruckenmarks, T. nevropat. i psikhiat. Korsako^'a 
(snpp.) 3:80. 1903. 

50. Ra>*mond, F. ; .\lquier, L,, and Courtellemont, \ . : Un cas de kvste dermoide des 
centres nerveux. Rev. neurol. 12:635, 1904. 
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I'Josults will) the iiitr;ier:u)i:ii f|)ifl«Ti)i<>i(ls arc far less satisfactory, Altlioiigh, 
ntgaiii, c(niii)lct(: extirpation shoitlrl, if po.ssihle, he tinclertakeii, often iiitracapsular 
enucleation is all that can he accomplished. W'hett the capsule remains recurrence 
is likely, for it is the capsular portion which constitutes the active, growing portion 
of the tumor, itecanse of the neoplasm’s avascularity. the contents and capsule 
occasionally can he removed. Xot infre(|uently, however, the tumor may .spread 
rather extensively along the cislerna interpeduncularis and into the region of the 
third ventricle. .\ portion of the cai)sule may he intimately associated with suck 
structures as the optic nerve or the vessels of the circle of Willis, In .such instances 
complete removal is out of the question. 


.Sir.MM.ARV 

]')crmoid and epidermoid tumors f cholesteatomas) of the central nervous system 
arc uncommon, slowly growing neoplasms representing cpihlastic inclusions of the 
dermal and epidermal layers. 'J'he intracranial variety is seldom diagnosed 
preopcratively. 'riio extradural, or diploic, type can he recognized roentgeno- 
graphically. 

The diploic t\ j)e is easily accessihle surgically, and postoperative results aie 
e.xccptionally good, .'^ehaceous cysts of the scalp can he distinguished patho- 
logically from epidermoid tumors hy the absence of sqnainous epitheliuin and o 
kcratohynlin granules and the prescucc. instead, of a secreting type of epithelium 
in the former. The fact that such epidermoids arc sometimes overlooked mat c 
given as the reason that Mahoney''' was able to find only 23 diploic cpidernioics 
in the series of 142 which he collected from the literature in 1936. 

Although complete extirpation of these tumors is necessary to prevent recurience, 
this often cannot be accomplished in the cases of intracranial cpidennoids, becaus 
of their extent and attachment to vital structures. The epidermoids of the cere 
lopontile angle show signs and s^'niptoins similar to those of acoustic ncuniionii » 
with the exception that there seems to be a greater involvement of the crania ner^ 

on the affected side. . • 

The use of the words “epidermoid” and “dermoid,” suggesting their 
seems the most satisfactory terminology for these tumors. The term 
toma” is an unfortunate designation, for the reason that it refers to a 
by-product which is neither an essential nor an invariable constitutent o 


tumors 


The history, incidence and pathology of these neoplasms are discussec . 



SO-CALLED “BEXIGX METASTASIZIXG GOITER’’ 

REPORT OF TWO CASES WITH INTRACRANIAL METASTASIS 
H. HAROLD I'RIEDMAX. M.D. 

BROOKLYN 

r^Iedical literature contains numerous references to so-called “lienign metas- 
tasizing goiter’’ and to “metastasizing normal thyroid tissue." .Attention was 
first drawn to this condition l)y Cohnheim.' who reported such a case in 1S76. 
Alanv reports have since appeared. In 1926 Simpson - reviewed the literature and 
collected 77 cases. Since that survey 28 additional cases have been reported in the 
literature. 

The ability of tumors to metastasize at a distance has been generally considered 
a cardinal criterion of malignancy. Xevertheless certain primary lienign neoplasms, 
chiefly those of connective tissue origin, such as lipomas, myxomas and chon- 
dromas. are capable of widespread dissemination. Generalization of benign 
epithelial tumors, on the other hand, rarely if ever occurs. 

According to the literature, adenoma of the thyroid gland apparently forms an 
exception to the rule of nonmetastasization of benign epithelial tumors. Cases 
of simple adenoma, of hyperplastic goiter and even of normal thyroid tissue with 
single or multiple implants in distant organs liave been reported. Aluch con- 
troversy has raged over this fact, with conflicting opinions as to whether such a 
situation can exist. 

Cruickshank.-’ Symmers.^ Ginsburg ^ and others have favored the theory of 
benign metastasis. According to Cruickshank; 

A normal thyroid, a colloid thyroid, a thyroid containing a small adenoma, a thjToid con- 
taining a malignant adenoma, each has at some time or other been reported as having produced 
a metastasis consisting ot normal thyroid tissue. . . . The clinical fact, or observation, 
remains that tumours identical with normal thyroid tissue do occur in bones of patients who 
present no apparent abnormality of their thyroid glands. 

Giusbtirg. who made a study of metastasis from thyroid tumors to bone, cited a 
number of cases in support of his contention that metastasis to bone is of frequent 
occurrence, not only with carcinoma and sarcoma but with simple adenoma of the 
tliyroid gland. He also stated that bulky metastatic tumors of bone, single or 
multiple, may arise not only from a large primarj' lesion but from a small, symptom- 
less and histologically benign simple adenoma of the thyroid gland and that even 
a malignant metastatic tumor may arise from a benign primarj- adenoma. Sym- 
mers ■* regarded some of these metastases as representing aberrant thyroid anlages 
which may occur in various parts of the body, including the meninges. Though 
the tumors are histologically benign, he admitted their abilitv' to assume malignant 
potentialities, in that they may set up secondary- deposits in distant structures. 

From the Divisions of Neurosurgery and Thyroid Surgerj- and the Department of Path- 
ology of the Jewish Hospital. 

1. Cohnheim, J. : Einfacher Gallertkropf mit Metastasen, Virchows Arch. f. nath. Anat. 
68:547, 1876. 

2. Simpson, V. M. ; Three Cases of Thyroid Afetastasis to Bones, Surg., G^•nec. & Obst. 
42:489,1926. 

. 1 . Cruickshank, M. M.; Thyroid Metastasis in Bone, Indian M. Gaz. 73:656, 1938. 

4. Symmers. D., cited by Kaplan. I. I. : Benign Aletastatic Bone Involvement from Thvroid 
Tumors, -Am. J. Surg. 23:559. 1934. 

5. Ginsburg, S. : Bone Metastasis of Thyroid Tumors, .Am. J. Roentgenol. 17:203, 1927. 
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'J'iie o|)j)osin}^ view, nainciy that so-called “hcni/,Mi metastatic thyroid nodules’' 
represent secondary iinplatils from a primary carcinoma of the lliyroid gland, is 
now favored by most authorities. Simpson lias been the chief protagonist of this 
vicwjioint, and he has been snjij)orted by Shields Warren,'’' Graham ' and others. 

Careful analysis of the cases in the literature reveals that in most instances the 
diagnosis was based on the clinically benign appearance of the goiter of the thyroid 
gland and on the benign microscopic ajipearancc of extirpated metastases. In only 
29 of the 77 cases studied by Simpson were there microscopic examinations of 
the thyroid gland, and in many of these there were areas of undoubted carcinoma 
which went unrecognized. In most instances the authors publislicd case reports 
shortly after they discovered the innocent microscopic appearance of the metastases 
without waiting to learn the ultimate fate of the patient. Patients with so-called 
“benign metastasizing goiter” have many years later died from frank carcinoma of 
the thyroid gland. Simpson cited 3 cases of his own in point which clearly illustrate 
the truth of this contention. Many cases are recorded in which the microscopic 
examination of the tissue from the metastases revealed normal thyroid structure 
while subsequent histologic study of the thyroid gland itself showed areas o 
undoubted carcinoma. A similar situation applies to the recently’ reported cases 
as well. All in all, therefore, very' few of the reported cases can be accepted as 
instances of “benign metastasizing thyroid tumor.” The evidence in these cases 
rests on the study' of the thyroid gland as well as of the metastases. That benigu 
thy'roid tumors can metastasize at a distance is postulated on evidence that other 
primary benign neoplasms are capable of distributing secondary implants at a site 
removed from the primary lesion. 


P-\THOGENESIS 

Of interest are the theories which have been invoked to c.xplain the pathogenesis 
of this condition. , 

One theory' is that metastases represent misplaced embry'onal cells or a 
thyroid tissue. This is the view held by' Ewing,® who stated; “In explanation^_^ 
these cases it seems necessary' to assume an origin either from aberrant ly 
tissue or from dislodged cells from the normal thy'roid.” However, he cau . 
added; “Yet in none of these cases has the supposed normal thy'roid been su 
to microscopical examination.” The presence of multiple widely' 
of thy'roid tissue in areas where aberrant thy'roid tissue could not possi y 
also invalidates this argument. . 

A .second explanation is that normal thyroid tissue, because of its close re a^ 
ship to blood and lymph channels, may' break into the blood stream, be carri 
bone and set up a new growth, bone forming an excellent medium for the gr 
of thy'roid cells. This theory' also appears illogical, for if normal jg 

possess the power to proliferate in a favorable environment, such as bo j 
strange that artificial autoplastic implantations of thy'roid tissue in loi^ if 

not been followed by such proliferative and destructive growth. Then, 
normal thyroid cells possess such an unlimited capacity for growth m 
organs, it seems remarkable that metastases should occur so infrequently'. 


*' I patlj* 

6. Warren, S. : Significance of Invasion of Blood Vessels in Adenomas, Aw 

11:255, 1931. Obs<. 

7. Graham, A. : Malignant Epithelial Tumors of the Thyroid, Snrg., Gynec. 

39:781, 1924. j940, 

8. Ewing, J. ; Neoplastic Diseases, ed. 4, Philadelphia, W. B. Saunders onip 
p. 987. 
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The third and most likely view is that the goiter which gives origin to mctastasc.': 
ought not to be considered a benign tumor and that the metastatic tumors arising 
froin it. even though histologically not malignant, should .he considered as such. 
The evidence for this third view is as follows: 

1. The vast majority of reported cases cannot l)e accepted because only a few 
of the so-called “norinal thyroids” or “benign goiters" have been submitted to 
microscopic examination and only a few of the thyroids examined histologically 
have been studied adequately to rule out malignancy. 

2. The metastases of so-called “benign goiters” show the same predilection for 
bone that characterizes secondary- carcinomatous implants. The cranial bones, the 
sternum, the verebral bodies, the humerus and the femur are the most frequent 
sites, in the order named. 

3. According to the opinion of the most authoritative pathologists, the mor- 
phologic character of the tissue is an unreliable basis for the determination of 
malignancy of thyroid epithelial tumors. There is even considerable variation in 
architecture in a single portion of normal th^Toid tissue. 

Graliam ' categorically stated : “Epithelial tumors of the thyroid gland that are 
encapsulated and show no blood vessel invasion are benign irrespective of their 
microscopic picture. Epithelial tumors tliat invade the capsule or blood stream are 
malignant irrespective of the microscopic appearance.” Furthermore, the primarr' 
malignant lesion in the thyroid may be miniature and escape clinical and even 
microscopic detection unless serial sections are made. 

CLIXIC.^L FE.\TURES 

Clinically, tliese lesions are insidious in onset and do not present symptoms 
different from those of other tumors of bone. However, two interesting obser- 
vations that are of diagnostic importance are the presence of palpable and often 
Hsible pulsations synchronous with tlie pulse and the tendency of the metastases 
to fluctuate in size during menstruation and pregnancy. Pulsation is especially 
common in cranial metastases, and a bruit is not infrequently audible over the mass. 
Another interesting feature is that tlie metastatic implants may function, with 
resultant In-perthyroidism. Oddi}' enough, removal of the primary lesion rarel.v 
produces changes in symptoms, but removal of the secondary growth may cause 
relief of symptoms and even m}'xedema. 

The true nature of the lesion remains unsuspected as a rule until the pathologist 
has reported his observations. According to Zadek,® approximately 38 per cent 
of the bone metastases are in the cranium and 15 per cent in the verebrae. Two 
thirds to three quarters of the patients are females. The average age is 40 to 6Q 
years. The condition is often of many years’, duration. 

TREATMENT 

Concerning treatment, radical surgical removal of metastatic thyroid tissue if 
accessible, as well as of the primar}- tumor, is indicated, especially Isecause of the 
almost universal and sometimes fatal recurrences. Fortunately these are not apt 
to appear until several years has elapsed. In some of the reported cases extirpation ' 
of the metastatic tumor resulted in permanent cure. This is the exc^>tion rather 
than the ru le. Roentgen therapy to the site of metastatic implants and to the 

o Fracture of Keck of Femur Due to Thvroid Metastases, Ann. 

Surg. 77:689, 1923. 
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tliyroicl Riaiid itself is iiulicatcd whenever possible, because of tiic radiosensitiveness 
of these neoplasins. 

Tv;o illustrative cases are reported, 

KKUOHT 01- CASI-S 

i^t. S., a 51 year old iKuiscwife, was arlinittcd to tlic Jewish Ilospital of Brooklyn, service 
of Dr. Leo M. DnvidofT, on Jan. 25, 1942, because f>f j)rojrressivc e.'cojihtbalnios in the right 
eye of three months' duration. There was .some hlnrriiif: of vision of the right eye on occasions, 



Fig. 1 (case 1). — ^Thyroid tissue in temporal bone resembling benign adenoma with de 
tion of bone (hematoxylin and eosin stain; X 250). 


especially during reading, but no other visual symptoms. She had suffered fro 
during the past thirty years. Otherwise her past history was irrelevant. There were 

Significant findings on physical examination were limited to the the 

exophthalmos and defective abduction and elevation of the right eye, slight ^ The 
right pupil and slight pallor of the e.xtreme temporal margin of the right optic 
visual fields were normal. The neurologic examination gave entirely negative res ^ h 
Roentgenograms of the skull revealed a destructive process involving the ng , the 
ridge and the posterior portion of the right orbit with marked decalcificaUon. , he 
. outer portion of the ridge, adjacent to the skull table, was a calcific dep^t, ^^jj^gj-vafions 
part and parcel of the tumor mass. Both optic foramens were normal. Tiiese 
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were considered as consistent with the diagnosis of a tumor in tins region involving the skull, 
possibly a meningioma of the sphenoid ridge. 

Operation was accordingly performed on January 27 by Dr. Davidoft. It revealed an 
extensive, exclusively extradural tumor involving the squamous portion of the temporal lK)ne. 
the lesser wing of the sphenoid and the orbital roof and fascia on the right side. In places 
the tumor had eroded through the temporal bone and made its way into the temporal fossa 
beneath the temporal muscle. It was felt that the tumor was cither a meningioma or a 
sarcoma. total gross removal of the tumor was carried out. 

The patient seemed to be in fairly good condition for aliout thirty-six hours after tlie 
operation. She then began to complain of pain in the face and in the right eye and became 
drowsy slowly. The drowsiness increased, and she eventually became comatose. Her rigiit 



Fig. 2 (case 1). — Section from thyroid gland with fetal adenoma (hematoxylin and eosin 
stain; X 250). 

pupil became dilated as compared with the left, her pulse became slower and her blood 
pressure rose. .A. diagnosis of extradural hematoma was made. Immediate operation was 
performed ; the diagnosis was verified, and the freshly accumulated extradural clot was 
ctacuated through the operative site. Thereafter she made slow but steady progress and her 
course was uneventful. The exophthalmos receded considerablv. 

To the amazement of everj- one concerned, the tumor was reported histologicallv as com- 
posed of thyroid gland tissue (papillarj- adenoma), evidently metastatic (fig. I). There was 
no histologic evidence of malignancy, nor were tumor cells seen within blood vessels. Careful 
ree-xamination of the patient then revealed a small nodule in tlie left lobe of the thyroid gland. 
It was felt that tlie metastatic deposit probably arose from tliis nodule, and its remo\’al w*as 
deemed advisable. The basal metabolic rate as determined on February 13 was reported to 
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1)0 +19; Iiowovor, lltc i):itiriit was oxtrcnicly restless on tliat tiny and llic report w<is considered 
tiiircIia!)lo, especially since her hasal ineialM»lic rate prior to admission was reported as normal 
hy the family physician, 

Oti I'chniary 18 sid)totaI thyroidectomy was i)eri'ormcd hy Dr. H. I.ouria. The thyroid 
plane! weiphed 23 (,im. 'I'he left lohe contained two well encapsulated noeliilcs, the larger of 
which measnred 3 cm. in diameter. The left lohe contained a solitary small nodule. All 
resembled fetal adenomas. 1 listolopically the thyroid plant! and the adenomas appeared benign, 
with orderly arranpement of cells (ftp. 21. Xo evidence of intracapstilar c.'ctcnsion or invasion 
of l)Iood vessels was found, 'fhe microscopic diapnosis was adenomas of the thyroid gland. 



Fig. 3 (case 2). — Section of tumor from frontal bone 
and eosin stain; X 250). 


resembling fetal adenoma (hematoxyb" 


satisfactory recovery 


The patient was discharged on February 20, evidently having made a 
from both operations. 

Laboratory data were essentially within normal limits. , (i,cre 

The patient is now receiving roentgen therapy to the skull and neck, an 
is no evidence of recurrence or further metastases. . „ • to skull and 

The final diagnosis was so-called “benign metastasizing goiter with metastases 
probably carcinoma of the thyroid gland. _ . . 

Case 2. — D. J., a 57 year old Jewish housewife, was admitted to the Je« isb ^^1^ 

Brooklyn, service of Dr. Leo M. Davidoff, on Afarch 19, 1942, because of a lump 


'V, 
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side of her skull in the frontal region. The lump had been present for a >T;ar, but she had 
paid little attention to it until shortly before admission, when she notc<l that it had become 
progressively larger. She also noticed the presence of a dilated blood vessel in pro.ximity to 
the mass and was aware of pulsation of that vessel. She said she bad not felt any pain in 
this region, and neurologic inquiry gave negative results. She bad bad a laparotomy thirty- 
four Years previouslv, reportedly for an ^‘abscess, and bad known of a lump in her neck 
for twen'ty years. Two days before admission she came to the outpatient department and was 
told she had a cyst and advised to return on the day of admission for c.xcision of the mass. 
This was attempted with local anesthesia, but after the initial incision batl been made unusual 



Fig. 4 (tase 2) . — Section with thyroid tissue in lumen of vein in thyroid gland. 


\'ascularitj’ and pulsation of the mass were noted. The wound was immediately sutured, and 
hospitalization was advised. 

WTien the patient was admitted to the hospital a plum-sized mass over the right frontal 
area pulsated visibly. A bruit was readily audible over the right frontotemporal region, and 
a greatly dilated temporal arterial vessel was noted. It was the opinion of one examiner 
that pressure over the right carotid artery caused the miss to cease pulsating and obliterated 
the bruit. The thyroid gland presented a bilateral nodular enlargement. The right lobe was 
somewhat larger than the left. According to the patient, the mass in the right lobe was of 
recent origin and the nodule in the left lobe was of many years’ duration. Both lobes, however, 
were movable and did not appear to be adherent to the underhung tissue. Qinically the 
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ttiyroid did luil np|ic;ir to contain any nialiftnani crowtii. A .snj)rai)nl)ic incisional hernia 

nnd advanced liilatcrni varicosities of IxitU lower extremities were noted. 

RoentirenoKranis of tin; slaill sliowe<l a lar>:e rlefect in tile ri«lit frontal lionc, measuring 
5 by d cm., witli irrej’tdar, serrated c<l;,'e-.. 'J'ltcre was eonsirlerable increase in the inimber 
of vascular channels inferior to the lesion. 

i he tiatient was discharged on .\farcli 2 d and advised to return when the cutaneous 
incision made when she was heiny treated in the onlpatient department had healed. 

She returned on May d. Operation was performed on May d and revealed a pink- 
gray, meaty, vascular friable mass deep to the pericranium in the right frontal region with a 
bony defect. A frozen section of biopsy material from the tumor was reported as benign 
thyroid adenoma. 'i‘he tumor was jiartially resected with the clectrocautcry. Hemostasis was 
obtained with difliculty. 

(irossly, the tnmur consisted of a splierical mass of tissue whicli weighed 22 Gni. and 
measured 5.3 by 5 by 1.7 cm. One surface appeared smooth and glistening and was pink-gray; 
tile otiier surface was fairly homogeneous, dry and ojiatiue. In places tlie tumor had a 
lobulated appearance. The central iiortion was dense and firm. Microscopically the tissue 
resembled a simple adenoma of the thyroid gland (fig, 31. It betrayed none of the character- 
istics usually associated with malignanl growth. 

The wound healed per primam intcntioncm. Roentgenograms of the long bones, the spine 
and the chest failed to disclose any evidence of metastatic malignant growth. Her basa 
metabolic rate was 7. It was felt that this case also was one of so-called "benign metas- 
tasizing goiter,” and removal of the primary growth was deemed advisable. Subtotal thyroi - 
cctomy was accordingly performed on May 20, with local anesthesia. 

Grossly the thyroid gland weiglied 70 Gm. and measured 8 by 6 by 4 cm. The 
specimen consislccl of two distinct encapsulated nodules attached to one another b) a 
bridge of thyroid tissue. The consistency of the tissue was firm; calcification was A 
some areas. The cut .surfaces of the larger nodule presented central areas of casitation 
fresh hemorrhages. The peripheral zone was honiogeneous, opaque and pale ggj, 

tained irregular calcific deposit.s. The .smaller nodule was similar. Alicroscopic 
revealed that the nodules were adenomas (fig. 4). In some areas, however, there were 
of malignancy’ in tlic form of abnormal cell structure, hyperchromatosis,^ mito ° 
irregularities of cell growth and invasion of blood vessels. The histologic diagn 
carcinoma and adenoma of the thyroid gland. 

Other laboratory data were essentially normal. ■ , 99 

The patient made a satisfactory recovery from both operations, was discharge 0 
and is now receiving roentgen therapy to her skull. • 1 * fn,es to (be 

The final diagnosis was carcinoma and adenoma of the thyroid gland w'lt 1 me as 
right frontal bone. 

COMMENT . . . 

The first case falls very nicely into the category of ' benign 
goiter.” Yet in spite of the benign histologic appearance of both the primal}- 
and the secondary lesions, the condition is to be regarded as ma ignan • 
presence of secondary deposits in the skull indicates that invasion t jggni. 

vessels had taken place at some time in the history of the primary thyi 01 
This is prima facie evidence of malignancy. As has been noted, tie ” j 
structure is of little importance in the determination of malignancy 0 
tissue. It is also possible that serial sections of the thyroid glan 
uncovered a miniature area of carcinoma. Such examination was no ^ygr. 
this case because of technical difficulties. Several blocks were stu le 
The second case is illhstrative of the fact that metastases from thyroi 
may bear little or no resemblance to the primary lesion and that tniless le ^ 
tumor is also studied, the true nature of the condition remains iinrec 
Because of the clinically benign appearance of the thyroid gland an 
histologic character of the cranial tumor, this case would undoubted y 
recorded in the older literature as one of metastasizing thyroid 
tumor’s pulsatile nature and the audible bruit are in keeping with t te wc 
nized clinical features of these lesions. 
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SUMMARY AND CONCLUSIONS 

The literature of so-called “benign metastasizing goiter’' is briefly reviewed. 

In spite of the histologically benign appearance of the primary tumor or the 
metastases or both, the condition is to be regarded as malignant. 

Two cases illustrating the outstanding clinical and pathologic features of this 
condition are reported. 

Intracranial neoplasms in patients with goiters should be considered metastatic 
until proved otherwise, even though the thyroid lesion appears to he insignificant. 

Treatment consists of radical surgical removal of the primary and secondar}- 
lesions followed by roentgen therapy. 



THE SOLID CARBON DIOXI!)]<:-FERRIC CHLORIDE TECHNIC 

FOR HEMOSTASIS 
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STUnV OF ITS 1:FF!:CTJVF,N'5-SS jx ?,r.mx, viscera 
AX!> SUPF.RIOK SAGITTAL SIXUS 


JUJ3AII ERIN. Af.D. 

Ni:\V YORK 

A new teditiic has Iicon (icvolopccl with experinicntal animals for the control 
o( hlccciing from the cross-sectional surfaces of vessels in the brain and the viscera, 
as encountered after excision of blocks of tissue, and from lacerations of the superior 
sagittal sinus. At this time this procedure may have special application in war 
surgery. 

In a report on a new method of excising blocks of brain tissue with minimal 
bleeding by means of li(juid nitrogen and a mechanical device, Koskoff and ins 
associates ‘ stated: “The slight hemorrhage which usually follows the removal 
of the instrument is easily controlled pouring a small amount of liquid nitrogen 
into the bleeding area. This congeals the blood and a dr}' crater remains. 
In an earlier paper - I have discussed the effects of low temperature freezing 
on cerebral and vascular tissues. This type of refrigeration preserves cell structure, 
the tissues return to normal on thawing. Therefore, low temperature freezing 
can be expected to act only as a temporary hemostatic. In order to corroborate 
this theory, a block of tissue was excised from the brain of a cat and liquid 
was applied to the oozing vessels in the crater. The area was frozen, and 1*’° 
stopped. M'ithin about thirty seconds, when thawing had taken place, blee mg 
began again. It appears, then, that freezing with liquid nitrogen or solid car o 
dioxide can act only as a temporary hemostatic. 

The possibility of utilizing refrigeration witli liquid nitrogen or solid car oi^ 
dioxide as a preliminary to chemical coagulation for permanent hemostasis 
sented itself. Styptics alone are relatiA'ely ineffective, because they are . 
diluted and washed away by flowing blood. Preliminary refrigeration stops 
flow temporarily, freezing the accumulated blood and the mouths of the ’ 
a chemical coagulant might then be applied and bleeding be stopped perman 

Liquid nitrogen and solid carbon dioxide were considered as freezing ag 
Liquid nitrogen was both sprayed and poured on bleeding areas o vgj-a- 
liver. It was found that bleeding of more than minimal degree prevente re 
tion, because the freezing liquid was washed away. On the other lan 


of solid carbon dioxide applied with moderate pressure were in 
in freezing the bleeding area. 


all cases effective 

Various chemical coagulants were tested, including silver nitrate, 
zinc chloride, copper sulfate, aluminum sulfate, potassium aluminum su a 
ammonium sulfate, and ferric chloride. Of these a 20 per cent solution o 

From the Department of Neurology, Columbia University, College of Phjsict 
Surgeons, and the Neurological Institute of New York. , <^(,35 of 

1. KoskofF, Y. D. : Alarkson, V., and Wall, N. M. : Method for Removal ot 

Brain Following Freezing in Situ, Am. J. Surg. 50:271-273, 1940. , of 

2. Ebin, J. ; The Carbon Dio.xide Snow-Electrocautery Technique for 76:43-50' 

Veins : Suggested Application to V enous Angioma of the Brain, Surg., Gj'ncc. & 

1943. 
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chloride \vas found most effective. Ferric chloride combines with proteins, prin- 
cipally those of the plasma (albumin, globulin and fibrinogen), to form ferric 
proteinate, a black coagulum which occludes the mouths of the torn vessels. 

iMethods of handling and shaping the refrigerant have been previously presented.- 
It is a white solid having a temperature of — 7S C. and may be kept in a vacuum 
jar. from which there is a loss of 5 per cent per day. The material is surrounded 
bv a film of gas which acts as an insulator aud must be removed by pressure 
before freezing can occur. Solid carbon dio.xide is bacteriologically sterile. Blocks 
are cut with a hack saw. Smaller pieces arc formed with a hammer and a modcr- 
atelv keen-edged knife. Narrow wedges are cut with a heated knife blade used 
with a sawing motion. 

The refrigerant must come in contact with all bleeding points for coagulation 
to be fully effective. The solid carbon dio.vide must therefore approximately fit 
the bleeding area; various shapes may be necessary. For flat surfaces, blocks of 
solid carbon dioxide are satisfactory. For craters, such as are seen after e.xcision 
of blocks of cerebral tissue, rounded presenting surfaces are best. Such a surface 
is made by rounding oft the sharp corners of a square presenting surface with 
the flat of a knife blade heated in a Bunsen flame. For use in lacerations, such as 
maj' occur in tlie liver, narrow wedges are most satisfactor}*, since they peniiit 
freezing of vessels in the deepest part of the tear. \‘arious sizes and shapes of solid 
■carbon dioxide are prepared before operation and kept in a vacuum jar until 
needed. A small sterile knife is kept on the instrument table to make minor changes 
in the shape of the solid carbon dioxide as required. An Allis clamp, or a large 
•curv-ed clamp with close-fitting rubber tubing on the prongs, is used to handle the 
refrigerant. 

Ferric chloride is obtained in crystalline fonn. and a 20 per cent solution in 
■distilled water is made up. The solution is then passed through filter paper. It has 
a /)h of 1 and is therefore bacteriologically sterile. Repeated efforts to grow organ- 
isms from it, with agar, blood agar, broth, blood broth and anaerobic meat broth as 
culture mediums have failed. 

The ferric chloride solution is best applied by means of absorbent cotton. 
Johnson and Johnson absorbent cotton pellets, medium size, no. 2, are used, but 
any form of this material is satisfactory. Dental rolls are unsatisfactor}' as they 
do not readily give up the solution. A suction tip of large caliber is used. 

The best results are obtained when the suggested technic is closely adhered to. 

BRAIX 

Various methods are now in use for the control of bleeding from the cross- 
■sectional surfaces of blood vessels in the brain. Horsley " first suggested the 
application of small pieces of muscle to bleeding points. Cushing introduced the 
silver clip and was the first to use the electrocauterA* ® in neurosurgerc’. Drv 
absorbent cotton or absorbent cotton moistened in warm saline solution is also helpful. 
Frequently, however, these are not adequate, and hemorrhage becomes a serious 
problem. 

3. Horslej', V.: Note on Hemostasis bv Application of Livins^ Tissue Brit T 2-S 

1914. ’ • - ■ - ■ 

4. _ Cushing, H. ; The Control of Bleeding in Operations for Brain Tumors, with the 
Description of Silver “Clips" for tlie Occlusion of Vessels Inaccessible to the Ligature Ann 
Surg. 54:1-19, 1911. 

5. Cushing, H,, and Bovie, W. T.: Electrosurgery ns Aid to B.emo\'al of Intracranial 
Tumors, Surg., G>'Tiec. & Obst. 47:751-784. 1928. 
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1 he carbon (lioxidc-fcrric chloride technic lias been used successfully for 
the control of bleedini^ in the brains of 12 cals and 4 dogs. Alexander and Putnam ^ 
have divided cerebral blood vessels into seven types according to caliber. Types 
7. 6 and 5 include the internal carotid, the middle cerebral and the anastomosing 
])ial vessels ; types 4, 3, 2 ainl I comprehend ail intracerebral branches, type 4 
representing the penetrating vessels, types 3 and 2 representing the branches result- 
ing from the ne.xt two subdivisions and tyfic 1 representing the capillaries. These 
authors stated : “In spite of the great differences in size of the body and brain, the 
intracerebral i)ioo<i vessels of foiirtli, third, scconrl and first orders arc of approxi- 
matcly .similar size in the human !)eing, the cat, the guinea pig and the pigeon.” 
The caliber of intracerebral vessels in tlic experimental animal thus closely appro.xi- 
inatcs the caliber of those in man. Bleeding from pial vessels, which are larger in 
the luiman being, may be controlled by silver clips. 

The tissue removed from cals has on the average measured 1 cm. in diameter 
and 0.5 cm. in lliichncss ; that from dogs, 2 cm. in diameter and 0.5 cm. in thickness. 
Pieces of solid carbon dioxide of approximately the same size with a rounded pre- 
senting surface have been used, the depth being greater than that of the excavation 
to allow room for grasping the material with a clamp. For larger areas, pieces 
with presenting surfaces 2.5, 3, 3.5 or 4 cm. in diameter may be used. 

A wide exposure of brain is obtained, and the scalp, muscle, bone and dura 
are walled off with flat cotton .strips in order to prevent contact with the fenic 
chloride solution. The removal of a block of tissue from the brain is followed ) 
brisk bleeding. The solid carbon dioxide is applied with moderate pressure, care 
being taken that contact is made with all bleeding points. It sometimes 
manipulation of the refrigerant in order to touch and freeze all these points. « 
the refrigerant is in place, the pial vessels bordering on the area are clipped an 
cotton strips are placed on the adjacent cortex. After the area has been rozen 
for one minute the refrigerant is removed. The frozen area is seen to be 
with a white frost. Cotton pellets soaked in ferric chloride solution are then P 
on the frozen part for one minute. At the end of tin’s time the pellets are care 
taken off, and the excess solution is removed by suction. The treated area ® , ■ 
to be covered with a black coagulum of ferric proteinate about 0.3 mm. m i 
ness (figure). If blood seeps through the ferric chloride pellets, f 

removed. The area is irrigated and suction is used in order to locate the e f 
points, and freezing and coagulation are repeated. 

In most cases the technic has been successful on the first attempt. In ^ 
experiments several repetitions have been required, but in every instance 
was stopped. The most frequent cause for the necessity of repetition has een 
to touch deep bleeding points with the refrigerant. A second cause, w iic i 
from the difficulty of adequate exposure in relatively small animals, has 
occasional flow of blood from some source outside the excised area onto t le 
brain. This tends to dilute and wash away the ferric chloride solution. 

Care must be exercised to avoid pushing the refrigerant into a 
cavity, since in this situation carbon dioxide gas is given off by the so i 
dioxide and the cavity is expanded. This is particularly likely to 
brains of small animals, such as the cat, because the layer of tissue ex ^ 
the ventricle is relatively thin, TJierefo7-e, if the hlecdmg oi'ea commiwjca 
or is directly adjacent to a part of the ventricular system, the pi'ocedm e 7S ito 

, , Vasci*''"' 

6. Alexander, L,, and Putnam, T. J. ; Pathological Alterations oi Lereu 
Patterns, A. Research Nerv. & J,[ent. Dis., Proc. (1937) 18:471-543, 193? 
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In a previous report - tlie effects low temperature freezing on brain tissue 
were considered in detail. The conclusions reached were tliat low teini)eraturc 
freezing in itself does not injure tissue, that the damage following refrigeration 
with solid carbon dioxide is the re.sult of pressure and that this damage is su])cr- 
ficial and negligible. The effects of ferric chloride alone and of solid carbon 
dioxide and ferric chloride on cortical and subcortical tissue were studied. 'I'wo 
cats were treated with cotton pellets soaked in a 20 ])er cent solution of ferric 



Bleeding from a crater in the brain of a cat stopped by the use of solid carbon dioxide- 
and ferric chloride (X 1): A, bleeding; B, frozen; C, ferric chloride pellets in place; D, 
crater covered with coaguluni and bleeding stopped. 

chloride applied to an area of cortex 1 cm. in diameter for one minute. When 
the pellets were removed a pale tan discoloration was visible in the treated area. The 
surrounding brain tissue was normal in appearance. The cats were normal dur- 
ing a period of three weeks, at the end of which tliey were killed. At autopsy 
the same pale tan discoloration was noted. There was no evidence of infection 
or sterile reaction. Cross section revealed no injury-. Microscopic examination. 
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showed absence of the pia-arachnoid in parts of the treated area and occasional 
sinail areas of fibrosis in tlie zrmai layer of the cortex. 

A j)iece of solid carbon dio.vide J can, in (limuclcr uvis applied ivitli moderate 
pressure to an area of cortex in each of 2 cals for one niinnte, and then cotton 
pellets soaked in a 20 per cent solution of ferric chloride were placed on the same 
area for the same length of lime. f,)n removal a pale tan discoloration was seen. 
No abnormality conkl be delected in the behavior of the animals during the post- 
operative period of tiiree weeks, at the end of which they were killed. Autopsy 
disclosed no evidence of infection or sterile reaction. On cross section there was 
no gross evidence of damage. Micro.scojjic examinalifin in 1 case disclosed normal 
gray and white matter c.xccpt for a minute area 1 nun. wide and 0.6 mm. deep in 
one section. In this area cortical tissue was replaced by fibroblasts, lymphocytes 
and fat granule cells. In the second specimen a similar picture was seen. 

Pieces of tissue were removed from the brains of 2 dogs. Bleeding was 
slopped by means of solid carbon dioxide and ferric chloride. The animals were 
normal throughout the postoperative period. At the end of three weeks they 
were killed. Bleeding had not recurred, and there was no evidence of infection 
or sterile reaction. Cross section revealed that the excised area had been replaced 
by fibrous tissue. Surrounding tissues were of normal appearance. Sficroscopic 
e.xamination in both cases showed fibrous tissue, lymphocytes and fat granule 
cells in the area of excision. .Adjacent nerve tissue was normal. 

The procedure described has been effective in stopping bleeding from the 
cross-sectional surfaces of vessels in the brains of e.xperimental animals. There 
has been no recurrence of bleeding, and the damage done by the procedure has 
been insignificant. This technic may be similarly effective in the control of blee 
ing from nerve and tumor tissue in the brain of the human being. 


VISCERA 

Bleeding from the li\-er may occur in the course of a surgical proce^ire, such 
as resection for removal of neoplasm, or as the result of trauma.^ ■ 
lesions are of two ty^pes. In the first the abdominal wmll is intact, injnp' 
the result of a contusing force. From this type of injury several -j. 

damage to the liver may result. There may be lacerations, most frequen y s 
tal, affecting the convex surface and extending for a varying distance ^ 

depth of the organ; the right lobe is more commonly affected. 
subcapsular hematoma without laceration of the capsule, or there may e 
in the depths of the organ with the formation of a central hematoma, 
second type of trauma to the liver lesions are produced by cutting ins r 
which tear through the abdominal wall. Such lacerations are usual y' i 
of stab wounds and injuries due to firearms. .. gj-g 

The generaify favored methods of controlling bleeding from the 
suture and tamponade. Mattress sutures of thick catgut on round i nn 
are favored. Suture with catgut soaked in tissue extracts has also been ^ 
by Dainelli.’’ The friability^ of the tissues of the liver tends to make t ns 
of controlling bleeding from the liver ineffective. Packing w'ith ^g^gtic 

the whole the most reliable method ; the gauze may first be soaked in a ’ 
solution. The tampon is left in place for from two to tw^elve days. 
and recurrence of hemorrhage on removal of the packing are not 
Additional methods of hemostasis include the use of heated air, water 
actual cautery', omentum, fat, muscle, bone powder, tissue extracts, ep 


7. Dainelli, M. : Ricerche sperimentali sull’use di estratti di tessuti a 
Ann. itai. di chir. 13:989-1032, 1934. 
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and gelatin. Marcncci and Cue ^ have rciiorled on the exjieriincntal use of a 
gum. tragacanth. 

Shedden and Johnston reported a case of traumatic laceration of the liver 
in which bleeding was controlled by gauze packing. In Christopber’s ” case 
bleeding from the liver was controlled by gauze packing, which was removed on 
the eighth postoperative day. Removal of the gauze was followed by the develop- 
ment of a subpbrenic abscess which required rib resection for drainage. The 
patient bad two episodes of acute intestinal Obstruction which required laparotomies 
with prophvlactic enterostomies. Branch and Pickworth were able to con- 
trol bleeding from traumatic lacerations of the liver by use of mattress sutures. 

The solid carbon dioxide-ferric chloride technic has been used succcssfulh- in 
lacerations of the liver in 12 cats and 2 dogs. Bleeding from lacerations in this organ 
arises from large branches of the hepatic artery, the hepatic vein and the portal 
vein and from the small vessels of the parenchyma. In these e.xperiments bleeding 
from all vessels has been stopped. The large vascular trunks are naturally of 
greater size in the human being. Bleeding from these vessels might be controlled 
by use of clamp and ligature. 

The procedure has been used on areas of the liver from which a section of the 
surface has been removed and on lacerations extending into its depth. For surface 
wounds blocks of solid carbon dioxide of approximate size are satisfactory. For 
lacerations wedges of the refrigerant have been found more effective, since their 
.shape permits contact between the dry ice and the deepest bleeding points. The 
incisions have been 4 cm. in length, with a greatest depth of 0.8 cm. Wedges used 
have been of a length and depth greater than that of the laceration to assure contact 
between the refrigerant and bleeding tissue throughout the entire extent of the 
tear and to allow room for grasping the material with a clamp. Those used in 
these experiments have been 5 cm. long, 2.5 cm. thick and 1 cm. wide, the angle of 
the sides being approximately 22 degrees. Larger wedges may be used for larger 
lesions, ^^■here slight changes are necessary to make the shape of the refrigerant 
conform to that of the lesion, they may be made with a knife. In bleeding areas 
of different form, such as might result from the excision of a block of tissue, a 
piece of solid carbon dioxide of approximately the same shape may be molded in 
the manner described previously for use in operation on the brain. 

As an example, the procedure in the case of a laceration may be considered. 
'I'o expose the liver a right pararectus upper abdominal incision is made. The sides 
of the wound are walled off with gauze to prevent contact with the dry ice or the 
ferric chloride solution. An incision is made in the liver with a scalpel. A wedge 
of solid carbon dioxide is inserted into the laceration, and moderate pressure is 
applied. At the same time the sides of the tear are compressed manualh* against 
the refrigerant either from behind or laterally. Manipulation of the refrigerant is 
sometimes required in order to freeze all bleeding points. While the refrigerant 
is in place flat cotton strips are placed on the adjacent liver tissue. After the 
bleeding surfaces have been frozen for one minute, the refrigerant is removed. 
The frozen area is seen to be covered with a white frost. Absorbent cotton pellets 

8. Marcucci, G. : L’emostasi epatica; Ricerche sperimentali, Arch. ital. di chir 50-101- 
119, 1939. 

9. Cue, V. B.: Hemostasia hepatica; El tuffon. Rev. mM. de Rosario 31:148-152, 1941. 

10. Shedden, W., and Johnston, F. : Traumatic Rupture of Liver Xew England T Med 

213:960-965, 1935. , s j. - - 

11. Qiristopher, F. ; Rupture of Liver, Ann. Surg. 103 : 461-464, 1936. 

12. Branch, C, D.; Injurj'-of Liver; Report of Two Cases, .Lnn. Surg. 107:475-477, 1938. 

13. Pickworth, M. E. : Traumatic Rupture of Liver: Report of Cace California &’\Vest 
Mcil. 51:328-329, 1939. 
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.s(i:il\<'(I ill fcrrif chlnridc .soluiion ;irf tliri) (jl.'ii'cd nij (lie fro/.vii p.'irl lor one 
minute. At tile eiul ol this time tlic pidlcts arc carcfitlly tahen olV and the e.'ccc.s? 
sohitimi is removed. 'I'lie treated area i.-- seen |o l)e on-ered u'ith a Idack coagiiliim 
of ferric proteinate. It hlood seeps throuj.,dt the pellets they are removed and the 
entire procedure is repeated. ( tfteii tlie procedure had to he rofieated .several times 
in order to sioj) all hleedinf,'. hnt in every case the How of hlood wa.s .stopped. It 
ha.s not heen necessary in these experiments tf> champ anrl li.ijate any of the lar^'c 
vascular trunks. 

'I'lie effects of the .apjilie.ation of dry iee ami ferric chloride to hepatic tissue 
were stitched in lon}^ term experiments. With each of .3 cats a piece of .solid carbon 
dioxide I cm. s(|nare was applied with moderate jiresstire to the liver for one minute. 
On removal of the refrii^erant a white frost was seen cni the frozen surface, wliicii 
thawed after ahmit one miimte. .\ dark red discr)loratioii was then noted at the 
.site of free/.in}^. 'J'he animals were entirely normal diirin.^ the postoperative period. 
At the end of three weeks tmtop.sy revealed im evidence of infection or sterile reaction 
in the liver or the ahdoniinal cavity. A fjray disccdoration was seen on tiie surface 
ol the area which had heen frozen. ( )n s'ection this discoloration wa.s apparent to 
a depth of 1.5 mm. .Microsco[)ic e.xamination .showed that in the discolored area 
hepatic tissue had heen rei)Iaced by fibrous tissue, lymphocytes, hlood pigment 
and fat cells. Surrounding; (i.ssue was normal. 'I'lie mildness of damage conforms 
with the results of low tem()erature freezing of brain tissue. _ , 

Cotton pellets soaked in ferric chloride .solution were applied to the Ji\ers 
3 cats for one minute. On their removal a gray discoloration was seen ow 
the treated area. The animals were normal during the postoperative pen ■ 
Aiitop.sy at the end of three weeks .showed no evidence of infection or 
lion in the li^’cr or ahrlominal cavity, nor were there any adhesions. On 
through the treated area there was no gross evidence of damage. Microsc 
examination revealed detachment of the capsule of the liver in the areas tieatec. 
other structures were normal. ^ , ^,55 

Incisions were made in the livers of 3 cats. Bleeding was stoppcc } 
of solid carbon dioxide and ferric chloride. During the postopciatne 
animals were normal. Autop.sy three weeks later showed that jn the 

recurrence of bleeding, nor was there evidence of infection or sterile ’ ij.(,ate(l 
liver or abdominal cavity. The only adhe.sion noted had formed between m 
site and the anterior afxioiuinal wall in 1 animal which had been wc 
during the postoperative period. All specimens showed a gray ' -gd by 

the treated surface. On section (he line of incision was seen to :»c occ 
fibrous tissue. On microscopic e.xamination fibrous tissue and collections 0 ^ 

■cytes w'cre seen in tin's area. Surrounding tissue was normal. .ressfu! 

The solid carbon dioxide-ferric chloride procedure has also been jiiid 

controlling bleeding from lacerations of the lung in cats, and fiom tie s 

the kidney in both cals and dogs. . . ,d,jials ha-' 

Through use of this technic bleeding in the viscera of expenmenta a 
been stopped. There has been no recurrence of bleeding, and the g^jggessh'l 
the procedure has been negligible. This mctliod of liemostasis the 

in controlling parcncliyniatous bleeding from the liver, as well as m 
spleen, the kidney, the thyroid and the pancreas in the liuman being. 


SUPERIOR SAGITTAL SINUS ^ ^ opcratb'e 

Lacerations of the superior sagittal sinus may occur in the com sc tlic 

■procedure or as the result of a depressed fracture of the vault of t ic S' 
mi'dline. The sinus walls contain no clastic tissue and arc bek ng 
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the pull of the dura mater. For this reason bleeding from a torn superior sagittal 
sinus mav he verv severe. In lacerations resulting from depressed fractures bleed- 
ing may occur immediately or the hone fragment may plug the opening. Mowever. 
hemorrhage does occur when the fragment of bone is elevated at operation. Loss 
of blood in these cases may be severe and even fatal. 

jMethods now in use for the control of bleeding from the superior sagittal sinus 
include application of slabs of muscle to the tear, packing with gauze, jiassagc of 
ligatures around the sinus, suture of the tear and application of hemostatic clamps. 
Slabs of muscle may be successfully used for small wounds but are not effective in 
larger lacerations even when held in place with dural sutures running across the 
sinus. Gauze packing is not always adequate for control of bleeding from large 
tears. Furthermore, when the gauze is removed there is always the danger of 
recurrence of hemorrhage. Passage of ligatures involves the danger of lacerating 
the underlying brain, nor is it always successful, since the triangular shape and 
rigid walls of the sinus resist occlusion by ligature. Suture of the tear with fine 
silk is difficult in the presence of bleeding. The removal of hemostatic clamps may 
be accompanied by severe hemorrhage. 

Bailey reported a case in which a small tear was controlled with a piece of 
muscle. In Chavanne's case hemorrhage was arrested by a tampon left in place 
for six days. Removal was accomplished without bleeding. Bleeding from the 
superior sagittal sinus was stopped by Bagley with gauze packing. Carlucci 
encountered severe bleeding which packing did not stop. Suture-ligatures about 
the sinus anterior and posterior to the tear finally arrested the hemorrhage. 

The solid carbon dioxide-ferric chloride procedure has been used successfully 
in lacerations of the superior sagittal sinus in 5 dogs. In each case a coagulum of 
ferric proteinate formed over the tear and bleeding stopped. These sinuses measured 
from 0.3 to 0.35 cm. at their widest point, as compared with about 1 cm. in man. 

The principle underlying this procedure is much the same as that described 
for elimination of cross-sectional bleeding in the brain and in tlie liver. The flow 
■of blood is temporarily stopped by freezing the torn sinus and the entering superior 
cerebral veins on each side. The ferric chloride solution may then act on the 
lacerated surface without being diluted or washed away. 

A wide exposure of the sinus is obtained, after which it is tom for its entire 
width with a no. 1 1 Bard-Parker blade. A block of solid carbon dioxide 4 cm. lone. 
4 cm. thick and 2 cm. wide is then applied with moderate pressure to the bleeding 
sinus. A similar piece is then placed on each side of it in order to freeze the 
entering superior cerebral veins. \\’hile the refrigerant is in place the surrounding 
scalp, muscle, bone and dura are walled off with gauze and cotton strips. After 
•one and a half minutes the refrigerant is removed, and absorbent cotton pellets 
soaked in 20 per cent ferric chloride solution are applied to the area of laceration. 
At the end of one and one-half minutes these are removed. The treated area is seen 
to be covered with a black coagulum of ferric proteinate. If bleeding recurs while 
the cotton pellets are in place they are removed and the procedure is repeated. In 
3 cases the technic was successful on the first attempt, and in the remaining 2 cases 
several repetitions were necessary. No convulsions were noted during freezing. 

14. Bailey, P.: Wounds of Superior Longitudinal Sinus. S. Clin. North .-ymerica 9:393- 
405, 1929. 

15. Cha\’anne, F. : Heniorragfe du sinus longitudinal superieur. Oto-rhino-lar\’ng. internal. 

16:231-232, 1932. ' “ 

16. Bagley, C.. Tr. : Traumatic Longitudinal Sinus Lesions : Report of Two Cases, Surg.. 
GynK. & Obst. 5S:49S-502, 1934. 

Carlucci, G. Injury to Longitudinal Sinus .Accompanying Depressed Fracture f 
Skull. .Am. .1. Surg. 45:120-124. 1939. » - - 
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l>tit ill 1 animals nccasidiial Icmporary ajaica for from tfii lo fiflccii seconds was 
ohserved wliile tlu,’ firy ice was in place. In eacli case respirations returned to 
normal. 

Two of these animals were allowed to live for three weeks. .After the first 
few days they were .alert and active. ’I'hey showed iifi .symptoms or .sign.s of cerebral 
damaj^e. .At anto[)sy there w.as no evidence of n'cnrrence of hleeding or of infection 
or sterile reaction. In one specimen the sinus was occluded hy fibroblasts; in the 
other, hlood pimiuait was seen. 'I’he eorte.x of the most medial ftyriis on eacli 
side was replaced hy lil)I•oll^ tissue and fat fjraiuile cells to a depth of 1.5 nim. 
'fissno helow that was normal. In the hnmaii corte.v, whose j^reatest depth is 
•! mm. in the motor area, siieh damage .should in most instaiice.s he negligible. 

The solid carhon dio.xide-ferric ehlorirle procedure has been successful m 
stopping bleeding from lacerations of the superior .sagittal sinus in dog-s. Blecdmg 
has not recurred. ;md damage has been .slight. 'I'he technic may perhaps be effective 
in controlling bleeding from lacerations of the superior .sagittal .«imis in the human 
being. 

SU.M.M.VKV 

.A technic for tiie control of hlee«ling from the cro.ss-sectional surfaces of vessels 
in the brain and the viscera and from lacerations of tlie superior sagittal sinus las 
been develoited with experimental animaks. This procedure may be effective m 
.similar situations in human beings and may he of value in war surgery. 

JJr. 'J'rary J. I’uln.'iin, in wiiosc laboratory this work wa.s done, gave aid am! cncoiir.igcnien ■ 



TREATJ^IENT OF ACUTE ARTERIAL OCCLUSION BY 
J^IEANS OF INTERJ^IITTENT VENOUS OCCLUSION 


REPORT OF A CASE 
ROBERT R. LINTON, M.D. 

BOSTON 

Ligation of a main arten- of the lower extremity, such as the common iliac, 
external iliac or common femoral, may result in gangrene even in the presence of a 
nonnal arterial system. A number of methods are available to prevent such a 
catastrophe from occurring. Therapeutic venous occlusion, produced by ligation 
of the concomitant vein when it is necessarr- to ligate a major artery, is one of 
the methods which has been advocated. This method was propounded by ^^lakins.^ 
a British surgeon during World War I. He collected a series of cases to show 
that this procedure reduced the incidence of gangrene when it was necessart' to 
ligate a major artery to a limb. Numerous attempts in the laboratory have been 
made to explain this somewhat paradoxic phenomenon. Some investigators * have 
produced experimental evidence "to prove that the actual arterial inflow to an 
extremit}’ is increased after this procedure, while others ” have presented evidence 
that it is decreased. One of the most recent articles on the subject was published 
by my coworkers and me.^ W showed that an actual increase in the arterial inflow 
to a dog's hind extremit}- occurred after occlusion of the iliac vein both with the 
arterial system intact and when the femoral arten.- had been occluded (figs. 1 and 
2). The Rein thennostromuhr method of measuring blood flow,= which measures 
cubic centimeters of blood per minute flowing through a given blood vessel, was 
used. It was also demonstrated that tlie actual increase in arterial blood flow took 
place during the period of venous occlusion and not after the release of it. Collens 
and Wilensk}- “ in 1936 reported the use of a pneumatic tourniquet to produce 

From the Surgical Service of the ^Massachusetts General Hospital. 
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iitlcnnitlviu wnnus <uTlu.siiin in the trcatiiu-iU of dirfaiic obliterative arterial 
disease. .\ pres.surc in the tourni(|net at or >Iij,'lit!y below dia.stolic blood pressure 
was recoininended. 1 he etieet of this itu-thod of veiiotis occlusion on the arterial 
inllow to a dotj’s e.xtreinity was studied al.so with the Kein thermostronmhr, and 
an increase was observed durini,' the period of occhisioji similar to that produced 
by venous lip:ation (tig. d). 

The jnirpose of this paper is to present a case in which acute arterial oedusion 
of the ipsilateral e.xternal iliac ami hypogastric arteries in a wemian aged 58 years 
was treatecl with intermittent venous occlusion. ( iangrenc of the e.xtremity was 
prevented despite the absence of all arterial pul.sations in the leg. The patient 
was discharged from the Im.^pital three weeks after the arterial occlusion, at which 
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BLOOD 



Fig. 1. — The effect of venous occlusion in the ipsilateral limb on the normal j^lgod in 

to an extremity (sodium amytal anesthesia). Note the rapid increase in the record, 

the femoral artery after occlusion of the femoral vein in tlie three minute oc ^.g^^rd, 
namely from 100 cc. per minute to 230 cc. per minute. In the thirty-four the blood 

increase is from 110 cc. per minute to 155 cc. per minute. It is also to be note tlio 

flow persisted at 145 cc. per minute until the femoral vein was released. ^ ^ 2 and d 

increase in arterial blood flow is concomitant with the venous occlusion, rigur > 
have been previously published (Linton and others . 

time she was able to walk about the hospital. Two years and three mont 
at the time of this report, she was able to walk without discomfort. 


REPORT OF CASE -yfeniorial 

A 58 year old white native American woman was first admitted^ to the ® ciistenfinn, 
Hospital Jan. 29, 1940 with a five months’ history of slowly increasing ^ .^^gnycnt atiad-'^ 
weakness and loss of weight. Associated with these symptoms she had lia ^ angk- 

of crampy abdominal pain and some intermittent severe pain in the left admisskn 

The menopause had occurred in 1932, but in the eight or nine months pre 
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Fig. 2. — The effect ot venous occlusion on tlie flow of blood in the iliac artery in the 
presence of acute arterial insufficiency (sodium amytal anesthesia). After occlusion of the 
femoral artery, note the decrease in arterial blood flow from 450 cc. a minute to 60 cc. a 
minute, and the increase in blood flow to 140 or 150 cc. a minute after occlusion of tlie iliac 
vein. It will be seen that this increase persisted as long as the occlusion was present and 
that after the release of the iliac vein the flow returned to the preocclusion level. This experi- 
ment had no effect on the blood pressure of the animal. 
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Fig. o. — Xlic effect on the flow of blood in the ilisc arterv of increasing venous pressures 
by means of a pneumatic tourniquet applied to the thigh. It is to be noted in this record 
that with each increase in the venous pressure of the extremitj- by raising the pressure in 
the tourniquet there was an increase in the arterial blood flow until the venous pressure 
reached a lc\cl abo\e /5 mni. of mercury. It will be seen that the venous pressure can be 
clc\atcd much higher by this means than by ligation of tlie main vein of an extremitw The 
blood flow was increased b}' this means from 115 cc. a minute to 2S0 cc. a minute, wFereas 
obslructjon of the iliac vein in the same animal produced a rise from 115 cc. a minute to 
only 215 cc. a minute. 
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to tlic luispital she had had a slijdit amount n[ vat;itiai itlccdini; at intervals. In llic last 
month severe orthopnea and <ly.spnea had (teveloped. She required many pillows in order to 
sleep at nipht. She liad heen married thirly-si.v years and Iiad two daughters who were 
living and well. 

Physical e.saminaiiun revealed an emaciated elderly woman sitting in a chair. When she 
lay down she liccamc c.'vtrcmely <lyspneic. 'I’he licart heat was irregular, with numerous 
e.xtrasystolcs. and the aiie.x l)eat was jialpahlc well out in the a.xillary line. The Wood pressure 
was I50 systolic and ,S2 diastolic. 'I'lierc was complete flatness throughout the right side of 
the chest with a shift of the nicdiastimiin to the left. Alxlominal c.xamination revealed a hard, 
irregular mass tilling the lower part of tlic ahdomeii and e.xtcnding above the umbilicus. 
It ajiireared fixed at the hrini of the i)elvi>., Sound', due to iieristal.sis were unusually loud, 
hut there did not seem to he any significant ilegree of intestinal distention. There was a 
small amount of free tim'd in the abdomen. Pelvic examination showed the uterus to be small. 
'I he pelvic examination indicatw! that the mass arose in the region of the left ovary with 
some infiltration of the iirnad ligament. A note was made at this time that because of the 
possibility of infiltration it was tlioiight that the tumor might he inoperable. Examination 
of the lower extremities revealed pitting edema of both ankles. There was good pulsation in 
the dorsalis pedis and the posterior tibial artery of both feet, A diagnosis of carcinoma of the 
left ovary, right-sided liydrothorax and cxtrnsystoles of the heart was made. A roaUgen 
c.xainination of the chest confirmed the diagnosis of hydrothorax. On January 30, 2.700 cc. 
of reddish wine-colored fluid was removed from the right pleural cavity. Microscopic 
nation of this fluid revealed that it contained 35,700 red Idond cells and 16,800 white blw 
cells per cubic milliineter and 10.7 Gm. of hcmoglohin per hundred cubic centimeters. ^ 
differential blood smear showed 70 jier cent polymorjihomiclcar cells, 12 small lyniphoc) c-i 
8 monocytes and ■I cosiiioiihils. The red blood cells appeared normal, and the platelets 
sligluly increased. A roentgenogram of the chest after the removal of the fluid 
round, thick mass in the central jnilmonar.v field oigiosite the eighth rib posteriorly, an > 
were akso a number of smaller masses at the base of tlic left lung behind the heart sia 
and a large sharply defined mass in the lower nicdiastimiin. _ . . • ^ 

In view of these findings it was considered that the patient had metastatic (-jn- 

the lungs, farther advanced on the right side. Accordingly she was given a scries of to ‘ 
treatments and was discharged from the hospital on March 3. She refused operation^ 
time because she was greatly improved so far as her general condition and dyspne 

concerned. . . . .j vi, slic 

She was readmitted to the hospital on April 10, in much tlic same condition in \i 
had been discharged e.xcept tliat the fluid in the right side of tiie chest had 
The blood pressure was 185 systolic and 95 diastolic. A thoracentesis was per or 
jdclded 2,880 cc. of straw-colored fluid. The red cell count was 560 and the white c 
6 per cubic millimeter of fluid. A laparotomy was performed on April 16 and a 
carcinoma of the left ovary, measuring 23 cm. in diameter, was removed. The ]j,ft 

the tumor was difficult because it was closely adherent to the left side of the P® ' ^ j.|(]„ey. 

ureter passed through the mass, so that it was necessary to sacrifice it and remove ’ 

Damage to the hypogastric artery during the removal of the tumor made ligation ’ 

The sigmoid loop of the colon was closely adherent to the growth and had to e ^ 
from it, and it was necessary to sacrifice the superior hemorrhoidal artery becaus 
involved in the tumor mass. , . jiot 

At the time of the operation it was thought that the left external iliac ar er) 
been damaged, but later developments proved this not to be the case. It seen 

ligated but was so severely traumatized that it became thrombosed. The patien ‘ 
within two hours after the operation, at which time she was fairly well onente 
plained that her left foot was numb and cold and that she could not move it. in 

at this time revealed that the left leg was absolutely pulseless; even a femora pi> 
the groin could not be made out. The blood pressure was 140 systolic and _ placed 
Intermittent venous occlusion was immediately commenced, a pneumatic tourniquet 
as high on the thigh as possible. This was inflated to SO mm. of mercury and e 
minutes. At the end of this time the toes assumed a definite pink color. 1 ' 
tourniquet was then released for one minute, and the leg immediately blanched. ^ 

venous occlusion was continued for the next forty-eight hours without interrup i 
cycle of nine minutes on and one minute off. During this period there hours'* 

improvement in the circulation of the extremity, so that at the end of -j 26, tl'^ 

was possible to change the cjxle to four minutes on and two minutes off. On - patient 

tenth postoperative day, intermittent venous occlusion was omitted all night because 
was complaining of pressure on the thigh from the tourniquet and becausC c 
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edema of tlie left ankle had developed. The following morning the foot was warm, drj- 
and pink. Subsequently the intermittent venous occlusion was used two hours on and one 
hour off during tlie day, witli a cycle of three minutes on and three minutes oft. On April oO, 
fourteen daj's after the operation, treatment was discontinued. The abdominal wound healed 
per primam intentionem. The patient was allowed out of bed on the fifteenth postoperative 
day and was discharged on May 3, the seventeenth postoperative day, at which time she was 
walking about the hospital. 

Since her discharge from the hospital she has been examined a number of times. Her chief 
complaint has been of pain in the back. Roentgen examination revealed a destructive process 
involving the bodies of tlie thoracic portion of the spine. This lesion responded well to 
roentgen tlierapy, and on July 16, 1942 her condition had greatly improved. Her left leg 
still has no pulsations in it, and there are only slight oscillations in the thigh. When she has 
been standing all day tliere is a tendency toward edema, but this is controlled well with 



Fig. 4. — A photograph of the patient's legs taken two years and three months after 
occlusion of tlie left external iliac arterj- and the hypogastric artery. Note that the left leg 
is normal in appearance compared with the right one except for slight swelling. There is 
no evidence that any of the toes had been gangrenous. No pulsations or oscillations were 
demonstrable at this time. Nevertheless the patient was able to walk a considerable distance 
witliout pain. 

an clastic stocking (fig. 4). She is able to walk a distance of about a mile without pain, 
although not without some fatigue. 

COMMEXT 

Tills case is of interest because it shows the value of the proper use of inter- 
mittent venous occlusion in the treatment of a case of acute major arterial occlusion. 
There can he little question that the arterial circulation to this patient’s leg was 
seriously impaired. It is believed that without treatment gangrene of the foot 
and lower part of the leg would have developed. 
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Exainiiialioii of the arterial M-.stenj (fift, 5) indicates how meaner the collateral 
arterial supply to the extremity was in this case, Bloofl could get to the extremity 
only via the direct anastomoses between the femoral artery and the epigastric 
and the deep circumllex iliac artery and indirectly through the branches of the 
hypogastric artery via the anastomoses with the ovarian, uterine, pubic and 
pudendal arteries of the same and the oj)posite side of the body. Nevertheless it 
was possible by means of intermittent venous occlusion to preserve the extremity 
and give the patient a useful leg. 

It should be pointed out that ligation of the hypogastric artery' and occlusion 
of the external iliac artery constitute a more serious arterial lesion than ligation 
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Fig. S. — An anatomic drawing showing the coiJatera! arterial Sparable to 

division of the external iliac/ and the hypogastric artery. This lesion is ^ vasculii^ 

one described in this article. The chief collateral blood supply to the leg a {,lood 

occlusion is from the lumbar arteries and epigastric arteries of tlie_ aecp circumfl®'' 

from the former reaches the femoral artery through anastomosis with ’ , , gijg readi^^ 
iliac artery, while the latter connects directly with it. A small amount o diP bypo' 

the extremity indirectly through obturator and inferior gluteal arteries, bra puclen^''' 

gastric artery from anastomoses of the ovarian, uterine, internal pudenda , i^ody. 

and medial circumflex arteries with the corresponding arteries of the opposi greau) 

It is obvious that the amount of blood reaching the leg through these ebanne occlus'®'' 

reduced from the normal, yet in spite of this it was possible with intermitten 
to prevent gangrene and save the extremity. 

is tlitt^ wli^^ 

of the common iliac artery above its bifurcation (fig. 6). ^ The g^pje artcO' 

the common iliac artery is ligated any arterial blood entering the jj^poygh 
through its collateral channels tvill be able to reach the extremi y 
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external iliac artery, which of course is impossible if both arteries are occluded, 
as occurred irv this case. Further evidence to substantiate this view is the statement 
made by Halsted': "Ligation of the common iliac (artery) less endangers the 
rdtality of the lower extremit)', and makes easier the establishment of collateral 
circulation than does ligation of the peripheral vessels, for example, the external 

iliac (arterj^.” . , 

The surgical removal of the large tumor was undertaken only with the patient s 
realization that her condition was critical and also that removal might not be 
possible. The surgical procedure tliat was carried out is perhaps open to some 
criticism, chiefly because of the lack of full realization of the damage to the external 



Fig. 6. — An anatomic drawing showing the collateral arterial circulation to the leg after 
division of the common iliac arterj-. Note that the blood which enters tlie hj'pogastric artery 
through its collateral channels can readily pass distally through the external iliac arteiy. 
Division of tlie common iliac artery, therefore, will not endanger tlie vitality of the extremity 
to the same extent as the lesion shown in figure 5, 

iliac arteiy’ and the failure to ligate the common iliac vein. Furthermore, if a 
similar situation should arise again tlie importance of removing the lumbar 
ganglions on the left side would be recognized. Under the circumstances in this 
case removal could readily have been accomplished, since the ganglions were almost 
completely e.xposed when nephrectomy was done. These omissions are recog- 
nized, and the purpose in presenting the case is to show tlie value of intermittent 
venous occlusion in what seemed almost to be a hopeless situation. 

/. Halsted, ^V. S.: The Effect of Ligation of the Common Iliac Artery on tlie Circu- 
lation and Function of the Lower Extremity, Bull. Johns Hopkins Hosp. 23:191, 1912. 
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1 1’.c tocluiic of intermittent venous occlusion used in this ease needs emphasis. 

I he iiiieumatic tourni([uet was apidied as hit,di as possible on the thigh, and the 

lc,g was elevated to (he level of (he heart, so that during the period of release of 
(he venous occlusion the blood would re,n<lily empty from the veins of the leg. 
i he pre.ssure in the pueumalie tournujuet was maintained at 50 mm. of mercury. 
I he cycle used for the first forty-eight liour.s was nine minutes of occlusion followed 

by one minute of release. 'I’he long jieriod of occlusion in relation to the short 

period of release is corrsidered highly important in the proper use of the intermittent 
venous occlusion. Thus in this c.asc after infiating tlic tourniquet it was possible 
to .see the gradual return of cf)lor to the extremity from above downward. Nine 
minutes was required for it to re.ach the ends of the toes, and as soon as the 
pressure in the venous tourniquet was released the leg, foot and toes blanched 
quickly. These ohscrvalious corroborate the laboratory' observations that it is 
during the period of venous occlusion that the arterial blood flow is augmented an 
that after rclca.se of pressure the flow decreases. As the collateral circulation 
gradually improved it was possible to change the cycle to one of four minutes o 
occlusion with two minutes of release. 

Success in the treatment of major arterial occlusion by this method depen s 
on several factors. First, and most important, the treatment should be commence 
as soon as possible after the occurrence of the arterial occlusion. In the case 
reported intermittent venous occlusion was begun within two hours. ^ If a peno 
of eiglit hours or longer is allowed to elapse, intravascular thrombosis may occur 
in the distal part of the extremity and will preclude any chance to save the un ^ 
Second, the extremity sliould he placed at the level of the heart, so that 
pressure in the tourniquet is released tl\c blood and lymph will dram 
the limb. The use of shock position if necessary for the general treatment 


patient is no contraindicatioir to the use of intermittent venous 


allowance must be made in the timing of the cycle, since witli the patien 
position blood will enter the extremity' more slowly and drain out of it wit i 
rapidity''. If it is necessary to keep the head much higher than the ex 
for instance in a patient with cardiac disease, intermittent venous occliisio 
not be used, because the resulting venous and lymphatic stasis will pro ^gt 

and interference with the capillary? circulation. Third, the pneumatic 
should be placed as far proximal on the extremity as possible in order 
as much as possible of the collateral circulation. In the case reported it v 
on the thigh just distal to the groin. Fourth, a pressure of 40 to 50 mm. ° ^l,e 
in the pneumatic tourniquet has been found to be the most effective, Pf®' 
systolic blood pressure is above 100 mm. of mercury'. If the pa i^ jQiiet, s'’ 
pressure is below this level a low'er pressure should be used in the j^lood 

that there is a difference of at least 50 mm. of mercury between 
pressure and the pressure in the tourniquet. Fifth, the cy'cle should e ^gm-niquet 
for each case and checked eacli day the treatment is continued. osition 

is inflated ■with the extremity at the same level as the heart, or in tie 
will be necessary to maintain during the treatment. The appear 
extremity will be waxen at first, but gradually' a pinkish color will be for 

distalward until it reaches the tip of the digits. The time in part of 

change in color after inflation of the tourniquet should represent t le 
the cycle. In cases in which the change in color may' not be so appa ^ [jeconio 
required for the superficial veins of the distal part of the extrernit)^^^^^^ period 
engorged should be taken. In the case reported nine minutes was t le 
determined when treatment was commenced. Subsequently it was re 
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minvites as tHe circulation improved. It is unusual to have sucli a long period, 
but this is explicable since the arterial occlusion had been so high and practically 
complete. If the occlusion is more distal a four to six minute period of occlusion 
is more desirable. A period shorter than four minutes seldom if ever is to he 
recommended. 

The “off” period is likewise determined by deflating the tourniquet. This 
should be the time in minutes required for the distal part of the extremity to blanch 
or the superficial veins to empty of blood. In the case reported a one minute “off” 
period was used when the treatment was commenced. Later this was increased 
to two minutes, to correspond with the improvement in the circulation and also to 
permit the disappearance of the edema which had formed as a result of the long 
(nine minute) “on” period and the short (one minute) “off” period. 

In cases of severe arterial occlusion, such as the case reported, continuous 
treatment both day and night is recommended until the circulation improves 
sufficiently to permit rest periods of one to trvo hours between periods of three 
to four hours of treatment. In the case reported it was necessarr' to use an ordinar}' 
sphygmomanometer for the tourniquet, since the automatic Upe of electrically 



Fig. 7 . — A photograph of the Burdick intermittent venous occlusion apparatus. This machine 
has separate controls which permit “on” periods of one to ten minutes and “off” periods of 
one to six minutes. By this means any type of cycle can be obtained. 

controlled machines did not permit a nine minute “on” and a a one minute “off” 
cycle. The cuff of the sphygmomanometer was inflated and deflated manuallj- 
evert' ten minutes for the first fortt'-eight hours by -the patient’s nurses. As the 
result of experience with this patient it is now possible to get any cycle with an 
“on” period of one to ten minutes and an “off” period of one to six minutes with 
the Burdick automatic electrical machine for producing intermittent venous con- 
gestion (fig. 7). 

In a woman 58 years of age the arterial blood supply to tire left leg was inter- 
rupted by ligation of the hypogastric arterv- and occlusion of the external iliac arterr- 
secondary to trauma. Adequate arterial circulation was reestablished in the leg and 
ga’.igrene was prevented bj' means of intermittent venous occlusion, a long period 
of occlusion and a short period of release being used. The technic of intermittent 
venous occlusion for the treatment of acute arterial occlusion is discussed. 

1101 Beacon Street. 
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KOr.I-RT C. I!AT'rKR.\rAX, M.D. 
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I.IRCTKXAXT COI.OXHI. JOHN H. MUUIOLLAXD 

NIAV VOIIK 

It is the pur])ose of this jiaper to present in greater detail a report of tlie effective- 
ness ot denierol, a new s^Tithetic analgesic, for the control of postoperative pain and 
restlessness. A complete discussion * of the properties of the drug, including its 
cfTcctiv cness, safet}' and potenev’ in the treatment of a large variety of conditions, 
has alread}- been presented hy one of us (R. C. B.), 

Demerol- (l-methyl-4-phenyl-pipcridine-4-carbo.Nyh'c acid eth^d ester hydro- 
chloride) was introduced hy Eisicb and Schaumann ^ in 1939 and was almost 
immediately acclaimed by numerous investigators ■* as a potent and safe analgesic 
approaching morphine in effectiveness. Its advantages, especially its antispasmodic 
pioperties, soon became apparent. Thus the atropine-like effect combined with 
sedative action makes it an ideal drug for the treatment of severe colicky pain. hh 
exception of rare hypersensitive persons, demerol may be used without contraindica- 
tion in patients with severe anemia, disease of the liver or kidney's or bronchia 
asthma. Of particular importance is the rarity of occurrence of respiratory' depres 
sion in patients treated with demerol. This has been noted only' three hW®' 
in a group of 1,119 medical and surgical patients^ and twice in a group of 
patients receiving the drug for preanesthesia.® In each case it occurred in a person 
over the age of 60 who presented advanced debilitation and cerebral arterioscltyosis. 
Other advantages and minor disadvantages will be considered in the discussion o 
the results. 

From the Departments of Therapeutics and Surgery, New York University Colko^ 
Medicine, and the Third Surgical Division (New York University), Bellevue Hopita . 

1. Batterman, R. C. : Clinical Effectiveness and Safety of a New Synthetic -^nalgesK: 
Dermol, Arch. Int. Med. 71:345 (March) 1943: abstracted. Federation Proc. 1:143. 

2. The Alba Pharmaceutical Company, Inc., New York, has supplied us with the , 
other aid in connection with this investigation, Demerol was introduced in Europe^as 
and was subsequently known on that continent and in South America as “dolantin. i 

3. Eisleb, O., and Schaumann, O. : Dolantin, ein neuartiges Spasmolytikum 
(Chemisches und Pharmakologisches), Deutsche med. Wchnschr. 65:967 (June W 

4. (a) Dolle, W. : Dolantin, ein neues Spasmolyticum und Analgeticum in der Cjn 

Prakt. Arzt 25:113, 1940. (b) Rosenthal, H. : Beobachtungen zur 14) 

schmerzes mit dem neuen Analgetikum, Dolantin, Miinchen. med. Wchnschr, jaed. 

1939. (c) Schafer, F. ; Schmerzbekampfung in der Chirurgie mit Dolantin, 

Wchnschr. 65:970 (June 16) 1939. (d) Schlungbaum, H.: Schmerzbekampfung pj 

einem synthetisch hergestellten Spasmolytikum und Analgetikum, Med. in der 

22) 1939. (e) Sostmann, H. E. : Zur Ablosung des Morfins und seiner Abkommi 
Gynakologie durch Dolantin, Med. Welt 14:325 (March 30) 1940. (/) Althoff, H” ^jjgische 
Erfahrungen mit Dolantin-Bayer, Therap. d. Gegenw. 6:258, 1939. (ff) .Ujche med- 

Erfahrungen mit einem neuen synthetischen Spasmolytikum und Analgetikun^ Dv _ gineni 
Wchnschr. 65:969 (June 16) 1939. (//) Klein, E. K.: Erfahrungen mit (Nov. 

myotrop und neurotrop wirkenden Spasmolytikum, Miinchen. med Wchnschr. \uien- 

24) 1939. (i) Reisinger, F. ; Das neue Analgetikum und Spasmolytikum Dolan ^o-Anal' 
Wchnschr. 90:400 (May 25) 1940. (/) Heydner, W.: Erfahrungen mit dem tsP** 

getikum Dolantin bei Herzkranken, Fortschr. d. Therap. 16:33 (Jan.) 1940. Sub5‘‘‘““^ 

5. Royenstine, E. A., and Batterman, R. C.: The Utility of Demerol as 
for the Opiates in Preanesthetic Medication, Anesthesiology, to be published. 
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SCOPE OF IX\'ESTIG\TION 

The cases of 488 postoperative patients, 165 of whom had liad abdominal section, are 
availabl'e for analysis. There was no criterion for the selection of patients other than that 
they be conscious and cooperative at tlie time of admission to the surgical ward. Thc^ majority 
of the postoperative patients had received demerol for prcancsthesia. The results of this use 
of the drug are included in another report.® 

Demerol was dispensed in tablets of 50 mg. each for oral use (research number D-140) and 
in solution (research number S-140) in ampule or vial so that 1 cc. contained 50^ mg. The 
dose varied between 50 and 150 mg., orally or parentcrally , in a single dose or in repeated 
doses several times daily. In the final analysis the dose and the route of administration were 
taken into consideration. The same patient may at different times have received \'arying doses 
by different routes. A variation may have occurred but once, or repeatedly, over an extended 
period. The effectiveness of a certain dose, given either orally or parentcrally, was considered 
as an individual trial and recorded as such. For example, 41 patients were subjerted to 
appendectomy. All received demerol parenterally, and 4 were treated in addition witli the 
oral preparation. Among those treated by injection varying doses were tried with 5, so that 
a total of 46 trials became available for analysis in this group. 

CONTROL OF POSTOPERATITO PAIN 

The effectiveness of demerol immediately becomes apparent when its ability to 
control postoperative pain is obser\-ed. Among the 164 patients recemng the drug 
parenterally during the postoperative period after laparotomy (table 1) 95.5 per cent 
of the 182 trials resulted in complete, satisfactorj' relief of the pain, discomfort and 
restlessness. After procedures other than laparotomy demerol is only slightly less 
effective (table 2). Thus in 91.5 per cent of 271 trials in 252 cases, postoperative 
pain was completely controlled. An additional 5.2 per cent experienced a moderate 
effect, or relief for approximately three hours. 

The after-effects of rectal operations are notoriously painful, occasionally neces- 
sitating the use of large doses of opiates. In this group there was failure to give a 
satisfactory response to demerol in only 4 instances out of 45 trials, and even in the 
4 patients who failed to respond in one trial the subsequent administration of a larger 
dose resulted in alleviation of the pain. 

Regardless of the severity of the condition, the duration of the operation, the age 
of the patient and the ultimate prognosis, with rare exceptions the administration of 
75 to 100 mg. of demerol parenterally every three to four hours, if necessarj^ was 
sufficient to make the patient comfortable and facilitate the usual therapeutic pro- 
cedures. Many patients were in the period of effect of the anesthetic agent, which 
probably influenced the results to some extent. However, postoperative control of 
pain was hitherto achieved only by the use of morphine or one of its derivatives. 

Orally, demerol was effective when the pain was not severe or after the acute 
postoperative symptoms had subsided. Satisfactory' control of the pain was achieved 
in approximately 87 per cent of 123 trials on 118 patients (table 3). It is thus 
possible to continue using and to rely on the oral preparation if the postoperative 
discomfort should persist for several days. 

In the postoperative phase of treatment demerol was found to be a safe drug, 
rarely causing untoward reactions. The subjective responses of dizziness and 
nausea, which in two other series ^ were noted in approximately 20 and 8 per cent 
of the patients respectively, occurred rarely in this particular study. Here again the 
anesthetic may have influenced the incidence of untoward reactions. The incidence 
of vomiting was no higher than one would expect after major operations. Comment 
regarding the rarity of respiratory^ depression has already been made. Since demerol 
has been in use in the surgical seiA'ice there has been no instance of respiratory 
depression in a postoperative patient. Here obviously is a distinct ad\*antage over 
the opiates, for respiratory depression resulting from frequent and repeated use of 



Table 1. — Effectiveness of Demerol (Parcnicrally) for Control of Poin nnil Restlessness Folloxoiiui Lal'arotomv 
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I Ii\ Icrms ol inimhor ol trinis (271) rcRiirdlcsH o( doso ndmlnlstercd. 



TACLfe 3. — Effectiveness of Demerol (Orally) for Control of Pain and Restlessness Folloxving Of’crations Other than Lafarotoiny 
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morphine is a cause for grave concern. With several patients who had receired 
morplhne (during the transition period of our study) and in whom respiratory 
depression had developed, it was possible to continue the administration of dcmerol 
for the control of pain wthout producing this serious side effect. 

Of postoperative complications, urinary retention may be most troublesome. 
Catheterization, especially if repeated at frequent intervals, may result in cystitis or 
pyelonephritis. The incidence of catheterization among consecutive postoperative 
patients recei\'ing morphine in one male surgical ward was determined for a period 
of ten months. During this period 160 operations were performed ; 20 patients, an 
incidence of 12.5 per cent, required catheterization within twenty-four to forty-eight 
hours postoperatively. In the same ward in the following eleven months, in which 
demerol was used exclusively, there were 178 consecutive postoperative patients, of 
whom 14, or 7.8 per cent, required catheterization. There is no doubt that the type 
of surgical procedure plan's a significant role in the development of urinarj'^ retention 
and must be considered in an e\'aluation of the results just cited. The majority of 
the patients who were catheterized, whether they received morphine or demerol. 
had had a rectal operation, a hemiorrhaph}’^ or an operation on the lower part of the 
abdomen. Although the number of postoperative patients is too small and the differ- 
ence in incidence of urinar}’’ retention between patients given morphine and those 
given demerol ma)'' not be statistically significant, it is our belief, nevertheless, that 
demerol is less likety to produce this undesirable complication. Furthermore, in a 
group of 812 nonoperative and medical patients urinar\- retention was noted only 
once and was not particularly detrimental to the patient’s welfare. 

In r'egard to abdominal distention and pulmonarj- complications we have no data. 
However, in many patients “gas” pains were effectively relieved. The anti- 
spasmodic action of demerol and the lack of constipation may be definite advantages. 
The drug has little if any action on the cough reflex and hence does not encourage 
accumulation of bronchial secretions. The dr\’ness of the mucous secretions 
attributable to its atropine-like action and the bronchial dilatation that it produces 
are also advantages. The latter is of particular help to patients with bronchial 
asthma, for whom morpliine is contraindicated. 

The onty disadvantage of demerol as far as postoperative use is concerned is its 
short action. This, however, is rarely apparent in the first postoperative day. For 
patients TOth a protracted and "stormy” course the average dose may be sufficient 
for onty tw'o hours. This may be overcome either bj’’ administering the same dose 
more frequently or by increasing the dose. There is no particular danger of causing 
undue depression in such cases. 

COMMEXT 

It is our conclusion following tliese observations on a group of postoperative 
surgical patients that demerol is a more suitable drug for the control of pain than 
morphine or an}’- of its derivatives. It has the distinct advantage of rarely produc- 
ing respirator}’ depression. Other preferable qualities are its antispasmodic effect 
on gastrointestinal tract and bronchi, its atropine-like dr}’ing action on mucous 
membrane and its lack of suppression of the cough reflex. It has the relatively 
unimportant disad\’antage of short action, which may be overcome by frequent 
dosage. The occasional symptoms of dizziness and nausea which have followed 
administration in other trials were not encountered in this series. These experi- 
ences indicate that demerol as a substitute for morphine is equally effective, and 
safer, for postoperative patients. 

Miss^ Aniele C. Evaskitis, researdi nurse of the Department of Therapeutics, New York 
University College of Medicine, assisted in the preparation of this paper. 



MISCON'CI-.I’TION Al’.OUT Till-, “ SI’RTNGIXESS " OF THE 
LOXGlTUniXAL AKCH OF TMF FOOT 

MKCMANICS f)K Till: AKCII OK TIIK KOOT 


I’AUl- W. LAIMDUS, M.D. 
xr.w voi;K 

F'roni tlic carlici^t days of anatomic knowledjjt; the longitudiiia! arching of the 
foot has been loolccd on as designed to provide resilience and has been compared 
m its shajie and function to a spring. T'his view is c-spounded in the classic text- 
books of anatomy, and has Iieen retained by more contemporary writers, as the 
term "spring ligament" implies. 

The twenty -.seventh F.ngli.sb edition of Gray's ".Anatomy” states: 

Tlic cliicf cliaractcri.stic of thi.s [tnedinl loiipitiKHiinl) ardi is its resilience, due to its 
height and to tlie mmiher of joints l)et\veen its coiniinnent parts. . . - F siiou 
observed that in a normal foot the arches become flattened when erect posture is assunie 
and arc restored when the weight of the l)ody is taken ofT the feet. This resilience 
for the suppleness of the normal foot and enhances the value of the arches bj ren enUo 
possible such rai)id and sudden movements as running and jumping.* 

In tlic seventh edition of Ci]nningbam’.s "Te.'ctbook of Anatomy ’ - it is written. 

These arches do not merely support the body weight statically as arches of 
support a bridge; the presence of the joints in the arches introduces jjigjitly 

of the 


a j 

so that the arclics resemble the half-ciliptical springs of a carriage. They jidd 
when weight is put upon them, and recoil when it is removed. . . . The ji,j 

plantar calcanco-navicnlar ligament, supported by the tibialis posterior muscle, 
tendency of the w'cight of the body to drive the head of the talus downwards between ) 
which it braces together, and the resilience it imparts to the HTcdial arc i 
nised in its common appellation — the spring ligament. 

The same interpretation of the function and purpose of arches was gn*^' 
the more modern authors Callander “ and Grant.’ The former stated . 

The ligaments act only as passive agents, in contrast to the muscles which take 
part and are indispensable for the maintenance of the proper sliapc of the to 

of the elasticity of the ligamentous apparatus, the arches flatten out wlien t le eight 

sustain a heavy weight, but they regain their original shape immediately w en 
is removed. 

• flC 

Grant * continuous!}'’ referred to the arches of the foot as spin’S®- „ 
recommended that the foot be regarded "as a spring rather than as 

Delivered in brief by invitation at the annual meeting of the American Orthop 
ciation, Baltimore, June 5, 1942. ' Dr. 

From the service of Dr. Leo Mayer, Hospital for Joint Diseases and the se 
J, J. Nutt, New York Polyclinic Medical School and Hospital. Green 
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Figure 373 on page 412 of his book “A Method of Anatomy : Descriptive and 
Deductive” is intended to illustrate this and also to prove that 

when you place your foot on the ground the spring will, of course, flatten under your 
weight' ... At the hinge surfaces between the talus and the navicular and also between 
the navicular and the three cuneiforms the spring of the arch can flatten and recoil. 

Thus it is evident that the arch of the foot has been generally recognized as 
an elastic recoiling spring from as far back as when the plantar oilcaneonavicular 
ligament was nicknamed “spring ligament” up to the present day. 

SPRINGINESS OF THE LONGITUDINAL ARCH OF THE FOOT 

The purpose of this paper is to give a critical analysis of this concept. It will 
first be necessary to consider certain well known mechanical laws. 

It is kno^^'n that the progress of a moving body can be arrested only by appli- 
cation of a sufficient force, or reaction, acting in a direction opposite to that of the 
movement of tlie body. The extent of the force necessary' to stop a moving bod}', 
or as it is called in mechanics tlie reaction force, depends on the time it takes to 
bring the body to rest. It is impossible to bring any moving body to rest instantly. 
Some time, no matter how short, must elapse between the application of the 
retarding force and the cessation of motion. A greater reaction force must be 
applied in order to stop a moving body in a shorter time. The degree of shock 
or resilience which a moving body experiences is controlled entirely by the length 
of time required to bring it to rest or to change its direction of motion. In other 
words, the more sudden the stop or change of the direction of motion, the greater 
will be the shock. Shock absorption or resilience is usually secured in machinerj' 
by devices, such as air buffers, rubber pads or steel springs, which possess elasticitj' 
— that property of a bod}' yvhich enables it to change its shape under action of a 
force on it and to resume its original shape when the action of the force is removed. 
A steel spring or a piece of rubber can be compressed or bent, but it will promptly- 
return to its original form yvhen tlie force is released. 

As an example, consider a half-elliptic spring interposed betyveen the axle of 
the yvheel and tlie body of a yvagon (fig. 1.4). When the yvheel rides oy'er a 
prominence in the road it is suddenly pushed upivard. The spring flattens and at 
the same time becomes longer because its anterior and posterior points are separated 
from each other. Thus the sudden upyvard motion of the yvheel is sloyved doyvn by' 
the gradual flattening of the spring, and tlie shock, yvhicli yvitliout the spring yvould 
be completely transmitted to the body of the yvagon, is diminished or absorbed by 
the spring. 

Walking on a stilt is rather jarring, because yvith each step the doyvmvard 
motion of the body is abruptly stopped the moment the stilt comes in contact yvith 
the ground. If, lioyvever, a compressible coiled spring (fig. IB) is incorporated 
beneath the loyver end of the stilt, the time between the contact of the spring yvith 
the ground and complete cessation of dowmvard motion of the stilt yvill be increased, 
and resilience yvill be supplied. The degree of resilience depends on the extent 
of the vertical compressibility of the coiled spring. The longer or higher the coiled 
spring, the slower yvill be the stop, and therefore the less yvill be the shock. 

Resilience may also be provided by a half-elliptic curved spring (fig. 1 C) 
attached to the loyver end of the stilt. The shock-absorbing action of such a device 
yvill depend on the height (h) of the curve. It is obvious, therefore, that the 
shock-absorbing function of the curved spring is entirely measured bv its ability to 
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flatten. In its turn the nnltciiiiif,' of the .s])nnj;'’ cannot occur unless its ends (5,5) 
I against the ground and arc able to spread apart in position 

0,5, when the curve of the spring flattens approaching a straight line. 

A somewhat similar shock absorber may be built at the end of the stilt by 
substituting for an clastic curved spring two pieces made of some comparatively 
nonclastic rigid material, such as wood or bone, which arc hinged to each other in 
an aichlike fashion and connected at their two free ends by some elastic material, 
such as a tension coiled spring (fig. 1 /J)). 

A more complicated shock absorber, built somewhat on the pattern of the 
human foot, is presented in figure 1 A, Several rigid pieces corresponding to the 
skeleton of the foot arc hinged together and connected to each other by coiled 
springs which correspond to the plantar ligaments and plantar fascia. 



Fig. 1. — A, effect of a setnielHptic spring interposed between the axle of a whee 
body of a wagon. B, effect of a coil spring attached to the lower end of a stilt. . 
of a half-elliptic spring. D, a shock absorber with two rigid arms whose free 
joined by a coil spring. £, a shock absorber made up of several rigid pieces correspo 
to the skeleton of the human foot and joined by coil springs. 


All that was said in reference to the half -elliptic spring holds true in 
of the rigid wooden shock absorber. The higher its arch, the more resilience i 
provide. In addition, two requirements must be fulfilled ; First, free mobilit}' n 
be present in the joints between the separate rigid links of the arch (at Jea 
the joint at its apex) ; second, each of the ends of the links or at least 
free ends must be connected by some elastic material. Without these 
flattening nor recoiling of the arch would be possible; in other words, the w 
device would lose its springiness and become rigid. _ _ 

Thus, in order that the human foot may possess springiness, it is 
the plantar fascia and the plantar ligaments be elastic, or capable . 
when the weight of the body is borne on the foot and resuming their onguia 
in the non -weight-bearing foot. 


lapidus—loxgitudixal arch of foot 
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According to Gratz,“ “certain fibrous tissues were found to withstand stress up 
to a maximum of 1,476 Kg. per square centimeter (20,959 pounds per square 
inch)” of cross section. Their tensile strength was found to be approximately equal 
to that of soft steel wire of the same weight. The elasticity of human ligamentous, 
fascial and other fibrous structures, in the sense of their abilit>- to return to tlieir 
original shape, was given as more than 500 Kg. per square centimeter (7,100 
pounds per square inch), although the elasticiU- of many tissues e.xceeded this 
point. However, the elongation of these structures was negligible, amounting to 
less tlian 2 per cent, with tensile load of 100 Kg. per square centimeter of cross 
section. 

The plantar fascia in man is approximately 1 5 cm. long and has a cross section 
of at least 0.5 sq. cm. According to precise calculations by Mr. Emilio Pittarelli. 
an engineer witlr whom I consulted, the estimated tensile load of plantar fasda is 
roughly 35 Kg. in a man with average body weight of 60 Kg., standing on one foot 
in a relaxed position. Consequently, the maximum elongation of the plantar fascia 
cannot be more than 1.4 per cent of its length.® Under such conditions, the plantar 
fascia may elongate from its original length of 15 cm. to approximately 15.21 cm. 
This in its turn will allow for sagging of the apex of the longitudinal arch (head 
of the talus) amounting close to 0.1 cm. 

It seems reasonable to assume that the shock-absorbing property of the human 
foot is only of theoretic interest and of no practical \-alue if “flattening and 
recoiling” of the arch can take place only within the range of about 0.1 cm. It is 
evident, then, that the foot is a rigid structure and cannot be compared, as it has 
been erroneously until now, to a “semielliptic spring.” 

CONSTRUCTION AND PURPOSE OF THE LONGITUDINAL ARCH 

If the longitudinal arch does not provide springiness, what then are its 
mechanical construction and its purpose? ’ 

Man is the only primate who possesses a longitudinal arch ; he is likeunse the 
only primate in whom the foot has been perfected for use as a lever in upright 
bipedal terrestrial progression. It is the writer's belief that the longitudinal arch 
of the foot w’as developed in response to functional requirements for increased 
strength of the foot as a lever.' 

In designing any structure engineers select materials for the different parts 
according to the resistance to the particular stresses each part of the structure is 
expected to bear.® In a suspension bridge, as a rule, steel beams are used for the 
parts under compression stress and cables in places of tensile stress. In the human 
foot the skeletal parts which possess a great resistance to compression stress and 
are comparatively weak in tension are analogous to the beams, while the liga- 

5. Gratz, C. AL: Biomechanical Studies of Fibrous Tissues Applied to FasdaJ Sur- 
gerj’, Arch. Surg. 34:461-493 (March) 1937; Tensile Strength and Elasticitv Te=t of Human 
Fascia Lata, J. Bone & Joint Surg. 13:334-340, 1931. 

6. It is estimated that if the elongation is 2 per cent with a load of lOO Kg. per 
1 sq. cm. of cross section, it will be 4 per cent with a load of 100 Kg. per Oj sq. cm. of 
cross section, and roughly 1.4 per cent with a load ot 33 Kg. per Od sq. rm of cross section. 

The muscular action will be disregarded for the time being, as for example in the 
case of a foot with complete paralysis of all the muscles. 

S. Stress in mechanics is defined as the result oi that part of the force which does not 
produce motion. If a rubber band is stretched to double its size, part of the force produces 
motion and the rest (stress) _ helps to keep the ends of the rubber band apart. Mechanics 
recognizes tensile stress, which tends to separate particles of material, compression stress, 
which tends to bring them closer together, and bending stress, which is reallv a combination 
of the other two. 
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mentous tissue, which is al)le to witlistand j^rcat tensile stress, is analogous to the 
cables. It is a well known fact that the hone ruptures first under tension, causing 
cortical avulsion fracture, while severing of the ligaments is rather uncommon. 

If the foot consisted of one solid piece of hone without ligaments it would he 
subjected to bending stress. In other words, its dorsal bone trabeculae would be 
subjected to compression and its plantar trabeculae to tension in a manner some- 
what similar to the distribution of stresses in a simple beam (fig. 2 A). Since the 
solid bony foot has a comparatively weak tensile strength, it cannot stand much 
bending and would tend to break. 

It is also obvious that no suspension bridge could be built with very clastic 
cables. Likewise, the ligamentous structures of the foot (such as the plantar fascia, 
the plantar calcaneonavicular ligament and all the other ligaments of the foot) can 
withstand a tremendous tensile stress, if the force is applied in the direction parallel 
to their fibers, Avithout shoAving any appreciable increase of their length ; in other 
Avords, their elongation is negligible. 


W 
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Fig. 2. — A, cross section illustrating distribution of stresses in a simple beam. ^ 
simple roof truss. C, effect of decreasing the length of a truss. The load on all the mem 
bers of a truss is inversely proportionate to its height. With the same load, P, the compies 
sion stress over the struts (a'c' and b'c') of truss C, and also the tensile stress on its le 
rod (a'b') is less than the stresses experienced by the corresponding members of truss , 
because hi is greater than h. Therefore, truss C is a stronger structure than truss B an 
can withstand a much greater load. Truss C is shorter than truss A (a'b' is sma er 
than ab) ; consequently, the reaction at the points o' and fc', being inversely proportiona e 
to the length of the truss, is greater than that over the corresponding points, a and b. 

Engineers build so-called trussed structures in order to avoid bending sti esses. 
A simple beam {AB, fig. 2 A) supported at both ends and loaded in the middle is 
subjected to bending stress. Its bottom (solid line T) is under tension; the tipper 
part, under compression. The compression forces run diagonally along the so i 
lines C, C. The tAvo cross-hatched Avedge-shaped portions OA^er the upper pait o 
the beam do not participate in bearing any load. These parts are useless and can 
be removed for the sake of economy of material and in order to decrease the Aveig i 
of the Avhole structure. Thus a simple beam and, likeAvise, a solid osseous foot aie 
really identical in effect Avith a truss (figs. 2B and C). 
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Mcrriman ^ gave tlic following definition of a truss ; 

a jointed structure wliicli is arranged to carry loa<is in sncli a manner that eaclt principal 
member is subjected to stress only in the direction o{ its length, that is to a tensile or com- 
pressive stress, and bending stress is eliminated. ... In order that a truss may per- 
fectly conform to the alKivc definition it is necessary that the loads should be supiiorted 
only at the joints, for fle.Nural stresses will result if they arc placed at other points on 
the members. It is further important, in order to secure rigidity, that the elementary figures 
included between the truss members should he triangles, since a triangle cannot change its 
shape without altering the lengths of its sides. rectangular or polygonal figure, on the 
other hand, may change its shape without altering the lengths of its sides, and hence may 
be lacking rigidity. 

The simple roof truss (fig. 2 />) coiisi.sts of two strut.s (ac and cb) which are 
subjected only to compressive stress running along their leitgth. The tensile stress 
is entirely taken up by the tie rod (nb) connecting the two free ends (a and b) of 
the struts, preventing theni from spreading apart. 

According to mechanics, the load on all the members of the tniss (compressive 
on the struts and tensile on the tie rod) is inversely proportionate to its height (/;). 
Ihe higher the truss, the less load will be borne by its members; consequentlv. the 
same truss with an increase of its height will be able to withstand a greater load. 
In other words, the strength of the truss increases proportionately to its height. 

Likewise, the reaction at each cud (a and b) oi the truss is inversely propor- 
tionate to its length (ab). In other words, if the length of the truss decreases, the 
load borne by its ends (a and b) will increase. The decrease of the length of the 
truss (provided the length of its struts, ac and cb, remains the same) actually 
consists of a shortening of its tie rod (a, 6,, fig. 2 C). It is evident that the truss 
wih become higher if it is shortened (Hi'> h, fig. 2 C). Therefore, shortening of 
the truss, with a resultant increase in its height, will also increase the load 
(reaction) at its end. 

If these theoretic considerations of a truss are applied to the “foot truss,*’ it 
can be understood why a foot with a high arch is stronger than a flat foot; and 
at the same time why the anterior and the posterior point of support in pes cavus 
(especially the anterior, represented by the metatarsal heads) bear more weight 
than in a foot with a low arch. 


THE HUMAX FOOT AS -A. TRUSSED STRUCTURE 

The human foot (fig. 3) may be considered to be built as a trussed structure, 
tn which the skeletal parts form struts which are subjected to compression stresses 
and the plantar fascia acts as a tie rod taking up all the tensile stresses. In this way 

^lerriman, At.: A Te.xt-Book on Roofs and Bridges: Stresses in Simple Trusses, 
York, John Wiley & Son, 1914, p. 1. 

10. For the sake of simplicity the human foot has been considered as a simple trussed 
structure. However, according to the analysis of Mr. E. Pittarelli, it would be more 
appropriate to classify the foot as a rigid frame with a horizontal tie rod. The principal 
stresses, when the weight of the body is borne, are tension in the tie rod (plantar fascia) 
mainly compression in the rigid frame (foot skeleton). However, the compression 
stresses in the rigid frame (foot skeleton) are distributed on its dorsal side, its plantar side 
^tng subjected to tension. This tension is resisted by the plantar ligaments which bind 
6 bones together. That is why the plantar ligaments of the foot are much more power- 
ully developed than the dorsal ones. If the plantar ligaments were omitted, the rigid frame 
lonned by the foot skeleton would collapse. If the tie rod (plantar fascia) were omitted, 
’<1 condition of rigid frame without tie rod would develop; then the plantar ligaments 
'lould have to take up the entire tensile stress (also that which is normally borne by the 
P antar fascia). Under such circumstances the load on the plantar ligaments would be too 
'-'^cat, and they would be overtaxed. 
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bending stresses are eliminated, and the strength of the foot as a lever is increased. 
The higher the “arch,” the greater the load that can be borne by the foot truss and 
the stronger the foot as a lever daring locomotion and also in supporting the body 
in standing. Springiness or flexibility of the foot would, of course, be a mechanical 
disadvantage in both of these functions. The \’ery flexible foot of the anthropoid 
apes (gorilla) and the hypennohilc weak foot (flat foot) in man may be brought 
forward as an example of functional deficiency. 

The longitudinal arch of the foot cannot be considered as a real arch in the 
sense used by architects. A typical masonry arch is maintained by its own gravit}' 
because of the wedge-shaped form of each stone composing the arch. Each end of 
the masonry arch must be firmly anchored to the ground to prevent its separation 
in the horizontal direction. The masonry arch does not require any additional 
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Fig. 3 . — The human foot (adapted from von Lanz, T., and Wachsmuth, W. : Praktische 
Anatomic, Berlin, Julius Springer, 1939, a'oI. 1, pt. 4). 


binding of its component stones. The foot “arch” is certainly not comparable to 
a masonry arch, since it would promptly collapse were it not for the soft structures 
(mainly ligaments) .which bind together the skeletal parts of the foot. 

Thus the apparent “arching” of the foot must be looked on as a result of its 
construction as a trussed structure rather than a masonry arch. The higher tne 
“arch,” the more load can be borne by the foot truss, and therefore the stronger 
is the foot; and vice versa, the flatter the “arch,” the weaker the foot as a lever. 

The explanation of the complexity of the foot truss, which is really a combi- 
nation of several trusses, is found in the well known fact that nature is often no 
a builder but rather a remodeler. The multiple joints of the foot provided mobiW 
and were necessary for its prehensile functions in man’s arboreal ancestors. ^ o 
descent from the tree to the ground the hurnan foot still retained its many join s, 
but these have gradually lost their mobility. Thus the foot underwent remodeling; 
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in that it became more rigid atid lienee served as a stronger lever. This was a 
necessary evolutionary step in response to the new functional requirement in con- 
nection with adaptation to the iqiright plantigrade terrestrial stride. 

SOLE OF LIG.VMENTS -tNO M C.SCMZS IX .M AI.XTEXA.XCE OF LOXOITUDI .VAL 

ARCJI 

Although it is not within the scope of this paper to go into a detailed discussion 
of the function of the muscles of the foot, some consideration must be given to their 
part in maintaining the integrity of the longitudinal arch. 

Steindler ” stated on one page in his book that "the integrity of the form of 
the foot is entrusted first to its ligamentous and secondly to its muscular apparatus.” 
Nevertheless, five pages later he wrote; “In maintenance of the normal con- 
figuration of the foot the muscles stand in first line of defense: the ligamentous 
resistances are invoked against external forces only after muscular resistance has 
failed. In other words, the question of equilibrium is, first of all, a problem of 
muscle tension.” 

The prevailing opinion as to the dependence of the longitudinal arch upon 
muscle support was voiced by Sir Arthur Keithd* who stated : "The arch of the 
human foot is safeguarded and maintained by the reflex postural action of muscles, 
ligaments being merely second line defenses. Flat foot results from a defect in 
this defense.” 

Probably the reverse is true. The integrity of the longitudinal arch in the usual 
standing position depends mainly on the passive tensile strength of the ligaments 
binding the bones togetlier and on the plantar fascia’s acting as a tie rod in tlie 
toot truss. The muscles are used to assist the ligamentous structures in locomotion 
and when the latter are overloaded, as during the lifting of a heavy weight. 

In a normal relaxed standing position the muscular action most probabty is 
limited to maintaining a balance behveen the leg and the foot. A mere muscular 
tonus may be adequate enough for this purpose. The muscles come into pla)' onl}" 
m order to keep the weight-bearing line of the bod}' in plumb line so that balance 
may be maintained by the force of gravity itself, with the least possible expenditure 
of energ}'. 

The following considerations are advanced in favor of the importance of the 
hgamentous structures rather than the muscles for maintaining the arch : 

1- The height of the longitudinal arch in the weight-bearing foot does not 
decrease in a fully anesthetized person or in a cadaver witli no active muscular 
function present, and yet the passive support of the ligamentous structure is still 
m'ailable. 

2. Flattening of the longitudinal arch would be a logical e.xpectation in cases 
of complete paralysis of the muscles of the leg and foot if the muscles were more 
unportant than the ligaments in support of the arch. However, in many cases of 
anterior poliomyelitis obserr^ed by me in which weight was borne on a foot com- 
pletely deprived of muscular support and with onh' the ligaments intact, no 
appreciable flattening of tlie longitudinal arch, as compared with that of the opposite 
unaffected foot, was noted after observation for many years. As a matter of fact, 
d has been not infrequently observ'ed that the affected foot may sometimes show 

H. Steindler, A.; Ivlechanics of Normal and Pathological Locomotion in Man, Spring- 
111., Charles C Thomas, Publisher, 1935, pp. 261 and 266. 

12. Keith, A.: The Historj’ of the Human Foot and Its Bearing on Orthopedic Prac- 
dce. J. Bone & ioint Surg. 11:10-32, 1929. 
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exaggeration of the longitudinal arch (cavns deformity). 'I'his may occur in cases- 
in which a trace of power is left in the short ])lantar muscles, which, being 
unopposed hy the plantar flexors and the dorsi flexors, bring the calcaneal tuber and 
the metatarsal heads closer together. .'\s a result of this the jdantar ligamentous 
structures become shortened before the patient becomes ambulatory, leading to 
permanent cavns deformity. 

3. Normal standing for mure than a few minutes would be impossible because 
of muscular fatigue if the longitudin.al arch were mainly sui)ported by muscular 
elTert. Then usual plantigrade standing would be just as exhausting as standing 
on the tips of the toes. 

4. Nature’s design in hiomechanical construction always conforms with the . 
rules of economy in material and energy. It is hardly conceivable that such a 
waste of muscular energy would he ])crniitted. 

In the seventh edition of Cunninghatn’s “Textbook of Anatomy,” R. D. Lock- 
hart’’ shows lateral roentgenograms of the foot taken in a standing position with 
muscles contracted and with muscles relaxed as fully as possible. These roent- 
genograms demonstrate that the longitudinal arch is slightly higher during muscular 
contraction and that the foot flattens when the muscles are relaxed. Tracings of 
the I'oentgenograms prove cpiite conclusively that simultaneously with the decrease 
of the height of the longitudinal arch in the state of relaxation, the anterior point 
of the foot (metatarsal heads) is somewhat more distant from the heel; in other 
words, the foot shortens on contracture of the muscles and elongates when they are 
relaxed. Engels,’’ after taking accurate roentgenograms of feet with and without 
weight bearing, also concluded that the longitudinal arch is slightly higher without 
weight bearing and becomes lowered when the weight of the body is put on the 
foot. These observations cannot be looked on as proof that the muscles are the 
“first line of defense” (Keith’-) or “indispensable” (Callander”) in maintain'ing 
the longitudinal arch. If anything, it demonstrates the opposite, namely, that the 
muscles are subject to fatigue and give way after a short time. Thus the integrity 
of the longitudinal arch in prolonged standing must necessaril}' depend primai'ily 
on the passive resistance of the ligamentous apparatus. 

These considerations likewise do not seem to substantiate the statement of Sir 
Arthur Keith “that the flat-foot I'esults from a defect in this defense [muscular 


defense] .” 

It is true that in walking the muscles come into greater play, because they not 
only are called on to maintain balance but in addition must lift and propel the 
whole weight of the body. Since different muscular groups act alternatively, there 
is a short interval between the muscular contractions allowing rest and restoration 
of muscular energy. However, even in walking there is a tendency to utilize the 
passive resistance on the foot truss and the force of gravity, with muscular assis- 


tance being employed only when the load becomes excessive. 

The intrinsic short plantar muscles, because of their small size and development, 
need little consideration. They were originally planned to move the toes. They 
should be looked on as a remnant from the days of prehensile function of the foot, 
when the toes pla3'ed a more important role. In the modern human foot the short 
plantar muscles and, likewise, the toes themselves (except the hallux) show an 
cvolutionarj^ tendency toward retrogressive development; this is especially true o 


the fifth toe. 


13. Lockhart, R. D., in Cunningham,- p. 516, fig. 438. 

14. Engels, W. : Ueber normalen Fuss und der Plattfuss, Deutsche Ztschr. f. orf lop. 
Chir. 12:461-503, 1904. 
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SnoCK-.\I!?OKniNG Ml-XHANISM OK TIIK I-OOT 

While ihc “springiness ot tl^e arch" must he looked on as highly improbable, 
there is a definite shock-absorbinii function of the foot in Incoinotinn. This is 
manifested by a certain mechanical arrangement at the talocrural articulation.'" 

There is a phase in walking when one leg is advanced forward with the foot 
in dorsiflexion (fig. 4-d). The body is allowed to fall forward until the heel of 
the adranced foot comes in contact with the ground. This downward progression 
ot tlie whole leg column with the superimposed body weight is suddenly stopped 
by the ground, and shock is produced. The shock can be diminished by increasing 
the time between the initial contact of the heel with the ground and the complete 
cessation of the downward progression of the body. This is accomplished by the 
retarding action of the dorsifle.xor muscles of the foot. 




Fig- 4. — Phases in walking. A, one leg is advanced with the foot in dorsiflexion. B, 
relaxation of the anterior tibial muscle permits the sole to be placed flat on the ground. C 
'’ad D, analogous function of the triceps surae muscle during “toe first’’ gait or “goose 
stepping.” 


b or simplicit 3 -’s sake, let the anterior tibial muscle be considered as representing 
all of the dorsiflexor muscles of the foot. As the heel touches the ground the 
anterior tibial muscle is gradualh" allowed to relax from its original state of full 
contraction. Thus the ankle is slowly brought down until the entire sole of tlie 
loot comes in contact with the ground. In this action the anterior tibial muscle 
'nay Ije compared to a tension coiled spring incorporated between the leg and 
die foot ( fig. 4 ^ ) . It is clear that this mechanism supplies resilience b}- increasing 
die time between the beginning of retardation of motion and the complete stop. 
1 be total length of the leg column is originalh- increased by the length of the heel 

J°bn Pinaud, a meclianical engineer, must be credited for the clarification of this 
ii'ccbaiiical phenomenon and some other points concerning the mechanics, of the foot. 
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bone, since the latter becomes almost vertical in complete clorsiflexion of the foot 
(fig. 4 A). As the foot is slowly lowered, the total length of the leg column 
gradually diminishes up to the point when the entire sole rests on the ground .and 
the heel resumes its horizontal position (fig. 4 B). 'J'he jarring "steppage gait” of 
the patient with paralyzed dorsiflexor muscles of the foot (drop foot) can he easily 
understood as resulting from lack of retarding action of these muscles. The same 
holds true after PirogofT's amputation, when there is no ankle joint to absorb the 
shock. 

A somewhat similar condition is present during "toe first” gait or "goose 
stepping.” In this instance the triceps sunae muscle supplies the retarding action 
instead of the anterior tibial muscle (figs. 4C and D). 

The triceps surae muscle also plays an important role in retarding the down- 
ward progress of the body during jumping from a height. It is well known that 
landing on the toes at the end of a jump is less jarring than landing fiat on the 
entire sole or on the heel. Landing on the sole or the heel is the most common 
cause of fracture of the calcaneum, which sometimes is also associated with a 
fracture of the vertebral bodies. Landing on the toes provides more resilience 
than landing on the heel, because the toes, or rather the metatarsal heads, are 
farther from the axis of the ankle joint than the calcaneal tuber. Consequently, 
the ankle joint is in a much higher position when the toes first touch the ground 
with the foot in equinus than when the foot is in calcaneus and the tuber calcanei 
is the first to come in contact with the ground. As a result of this the retarding 
time is greater when the jumper lands in equinus. Besides, the much more 
powerful plantar flexor muscles, as compared with the dorsiflexor muscles, are 
better able to supply retarding springlike action when the landing is made in the 
equinus position. 

In addition to the shock-absorbing mechanism of the ankle joint, a great part 
of the resilience during the act of jumping is provided by the knee and hip joints. 
The latter are gradually allowed to go into flexion, the time between the beginning 
of retardation and a complete stop thus being increased. That is why jumpers are 
taught to end a jump in a squatting position. 


IDIOPATHIC FLAT FOOT 

To the best of my "knowledge no one has as yet proved or even demonstrated 
satisfactorily any muscular “defect” or abnormality in the case of idiopathic “flat 
foot.” It has been my progressively strengthening conviction that the idiopathic 
“flat foot” is a congenital and often hereditary deformity. It must be looked on 
as an arrest of the ontogenetic development of the foot. In other words, the "flat 
foot” of an adult has failed to reach the stage of maturity corresponding to the 
person’s age. One of the main characteristics (among many others which cannot 
be discussed here) of the adult “flat foot” (before the onset of the secondary 
pathologic changes) is an extreme hypermobility due to ligamentous laxity. 
Marked ligamentous laxity is also present in the foot of the human embryo and 
during the first postnatal years. Likewise, the foot of the other primates close to 
man exhibits even more pronounced hypermobility of the joints of the foot with 
ligamentous laxity. Thus the idiopathic “flat foot” is usually present at birth and 
decreases with age. In my opinion the possibility of the acquisition of this 
deformity or the flattening of the longitudinal arch with age in cases of idiopathic 
“flat foot” is doubtful. Traumatic, paralytic and inflammatory “flat foot, of 
course, are excluded from this rule, since they may develop in a normal foot. 
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SUMMARV AXI) CONCRUSIO.VS 

1. The Innnaii fool is a rij^id lever, posscssiiii; no “springiness” (of any practical 
^■aUIe), as is commonly believed. 

2. The ligamentous stniclurcs of the foot have a definite elasticitv in the sense 
that they are able to stretch and to resume their original length. However, tiie 
amount of elongation of the ligaments when ]nit on stretch is insignificant, and 
therefore for practical purposes they can be considered as nonyiclding structures. 
This makes improbaiile the generally accepted concept of the ability of the 
longitudinal arch to flatten under load and recoil after weight is removed. Conse- 
quently, the similarity of the longitudinal arch to “the half-elliptical spring of a 
carriage” must be incorrect. 

3. The formation of the longitudinal arch, which is an e.\clusive propergv of 
the human foot and is not present in any other primates, must be looked on as a 
tendency to strengthen the human foot as a lc%‘cr in response to functional require- 
ments in connection with upright bipedal terrestrial progression. 

4. The longitudinal “arch” of the human foot cannot be considered as a real 
masonr}- arch. The apparent arching of the foot is just one of the results of the 
foot’s being built as a trussed structure. By virtue of the trussed construction of 
the foot, the bones are called on to bear mostly the compression stresses and the 
ligarnentous structures the tensile stresses, bending stresses being completely 
eliminated in a truss. Such a distribution of stresses is mechanically sound, since 
the bones have a great resistance to compression, the ligaments to tension. The 
trussed construction of the human foot contributes greatly to its strength and 
econom}- of material. 

5. The ligaments are mainly responsible for the integriu- of the longitudinal 
arch. They bind together tlie bones of the foot in a trussed structure, the plantar 
fascia acting as a tie rod of tire truss. 

6. In normal relaxed standing the muscles form a second line of defense in 
support of the longitudinal arch (or a foot truss). They simply maintain the 
balance between tlie leg and the foot by keeping the weight bearing line in the plumb 
hue. They assist the ligaments when the latter are overloaded, as in standing with 
a. nea\' 3 ^ load, and of course are active during locomotion. 

7. Idiopathic “flat foot” is most probably a congenital and often a hereditary- 
malformation due to arrest of the ontogenetic development and not to faultv 
muscular function. 

1133 Park Avenue. 



REVIEW OF UROLOGIC SURGERY 


ALP.F.RT J. SCIIOl.L, V.D. 

l.OS ANCKt.F.S 

FRANK HINMAN, M.D. 

SAN rUANClSCO 

ALEXANDER von LICHTENBERG, V.D. 
MEXICO, Mexico' 

ALEXANDER B. HEPLER, M.D. 

SEATTLE 

ROBERT GUTIERREZ. M.D. 

NEW YORK 

GERSHOM J. THOMPSON, M.D. 

Asn 

JAMES PRIESTLEY, M.D. 

ROCHESTER, MINN. 

EGON WILDBOLZ, M.D. 

BERNE, SWITZERLAND 
AKI) 

VINCENT J. O’CONOR, M.D. 

CHICAGO 


KIDNEY 

Anomaly . — Gutierrez ^ drew attention to the clinical indications for division of 
the renal isthmus in cases in which the diagnosis of horseshoe kidney has been 
made urographically. First are those in which there are no symptoms and in 
which the condition is discovered accidentally at operation ; in tliese no surgical 
treatment is called for. Second are those in which horseshoe kidney is associated 
with urologic conditions, consisting of urinary symptoms of various kinds, with 
indefinite abdominal or lumbar pain and with reflex gastrointestinal disturbances, 
all chronic or recurring in acute attacks. These are the cases in which division of 
the renal isthmus is indicated for restoration of normal anatomic relationships, rehet 
of pressure on important vessels and nerves and restoration of proper renal 
drainage. They constitute the great majority of clinical cases. Third are cases m 
which some kind of gross associated pathologic process is present in half the fused 
organ, for which heminephrectomy is indicated. Fourth are cases in whicii gioss 
pathologic conditions are present in both halves of the fused organ, so that some 
kind of conservative operation, based on the degree of functional activity of eaci 
kidney, is called for. 

The cases in the second group arc those in which the kidneys can be restore 
to normal function iiy simple division of tire renal isthmus followed by nephropex} 
on one side or, occasional!)', on both sides. In this group the condition constitutes 
what Gutierrez has elsewhere described as “horseshoe kidney disease.” since 
characteristic picture is presented. The principal indications for division ot i 
isthmus after the diagnosis has been made are analyzed. 

1. Gutierrez, R. : Operative Technic for Division of Renal Isthmus in Horseshoe Ividncj, 
Am. J. Surg. 55:28-36 (Jan.) 1942. 
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The main points in tlic operative teclinic of division of the istlnnns in liorseshoc 
kidney are. accordinj; to Gntierrer.. a transverse lnnii)oaI)doininaI incision, ndiich 
will permit "ood exjiosnre of tlic isthmus: an extraperitoncal approach to the 
kidney: mobilization of the kidney to he operated on I)y complete ncplirolysis and 
urcterolysis : clampin.tr and li.tration of accessory blood vessels of the isthmus : double 
clamping of the isthmus before the renal parenchyma is divided ; closure of raw 
surfaces by the placing of mattress sutures over interposed fat to jtrevent hemor- 
rhage: pushing of the other kidney away from the inidline to secure outward 
rotation : carrA-ing out of nephrojicxy of the kidney operated on, with decapsulation 
of the upper pole and fixation also of the lower pole to the lateral lumbospinal 
muscles to provide a rotated position for the securin.g of adequate drainage : closure 
of the wound as in ordinary nephropexy, with or without the institution of drainage. 
Surgical results .<:hould he checked by cystoscopic examination and the making of 
bilateral retrograde pyelograms. which should be repeated two or three weeks after 
operation. In some cases the performance of nephrope.xy on the kidney of the 
opposite side subsequently will be indicated in the pyelograms made during 
reexaminations, to relieve pain and secure good drainage from that kidney. 
Gutierrez said that the e.xcellcnt surgical results obtained demonstrate the value 
and feasibility of this conservative procedure. 

Ectopia. — Laughlin ' reported a case of renal dystopia (ectopia). Three 
additional members of the patient’s immediate family (her baby, her mother and 
her sister) presented similar abnormalities. From the urologic standpoint, in his 
opinion, the case presents an e.xample of an interesting class of renal anomaly; 
trom the gynecologic standpoint, it presents a problem in differential diagnosis : 
troni the obstetric standpoint it presents a possible complication for the pregnant 
period and a threat to parturition. Laughlin included a brief review of the 
literature on the etiology, incidence, anatomic and symptomatologic aspects, diag- 
nosis and treatment of this condition. 

^IcCrea ^ stated that the occurrence of congenital solitary' pelvic kidney (con- 
genital solitaiy' pelvic renal ectopia) is rare. He said this condition Avas first 
described by Henot in 1830. To date, only 34 previously reported cases are on 
record. Stevens, in a revieAV published in 1937, estimated that ectopic kidneys 
were found once in 500 to 1,100 necropsies, AA-hereas true peh'ic kidne 3 -s occurred 
once in from 2,150 to 3,000 necropsies. Single kidney, or unilateral renal agenesis, 
occurs in a ratio of 1 to 700 to 1,610 necropsies, and he estimated tliat from 4 to 
0 per cent of the single kidneys reported AA-ere true pelvic kidneys. Stevens con- 
cluded, then, that if solitaiy' kidney occurs once in every 1,000 necropsies, solitaiy' 
PclA'ic kidne}' AA'ould occur about once in CA'ery 22,000 necropsies. 

Because of the anatomic position of solitaiy' peh'ic kidney, pathologic changes 
referable to tlie urinaiy' tract reach a greater proportion relatiA'eh' earlier in the 
life of the patient than do the usual anomalies of the kidney. In onh- 1 case 
reported has the patient been older than 47 3 'ears. 

I'lcCrea said that in Hinman’s opinion complete absence of a kidne 3 ' is best 
^plained b 3 ' the failure of the ureteral bud to dcA-elop, rather than b 3 ' absence of the 
mesonephric blastoma, and earl 3 ' degeneration of the ureteral bud is a possible 
cause of complete absence of the kidne 3 '. 

The high percentage of genital anomalies in tlie reported cases — 17 anomalies 

35 cases — clearly demonstrates that an embiyologic association exists between 

. 2. Laughlin, V. C. : Renal Dvstopia (Ectopia) : A Report of an Interesting Case and 

‘■‘ct Renew of the Literature, J. Urol. 47:632-641 (May) 1942. 
o. McCrea, L. E. : Congenital Solitarj- Peh'ic Kidney, J. Urol. 48:5S-6S (July) 1942. 
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loss of some of its calcium salts, and wlum tlie muscular system is put at rest 
muscular atrophy occurs, with a concomitant reduction in the. hloofl supply, 'J'hcrc- 
forc, the reduced supply of blood to the muscles creates a relative hyj)eremia of tiic 
bone, and this hyperemia in turn promotes rarefaction. Althouf^h calcium is not 
excreted pi’imarily throuj'h the kidney, the content of calcium in the urine is 
markedly increased duriiiff a period of decalcification of hone. In tlie event that 
the urine becomes highly concentrated, the calcium salt may reach a point of super- 
saturation and initiate a ])recipitate of inorganic calcium. .'\ so-called mudstone 
is thus formed in the renal pelvis, the ureter or the bladder. If conditions arc 
favorable, additional calcium is precipitated and the calculus increases in size until 
it may fdl the entire renal pelvis and finally impair renal function. The mechanism 
of precipitation of salt from a saturated solution is effective in the production of 
calculi during the patient's recumbency, since most of the stones are composed of 
calcium pho.sphate. The role of infection in the prccipitatioii of urinary salts is 
not a factor in this particular circumstance, according to Lich and Mansfield, since 
a large proportion of the renal stones which develop during recumbency of a patient 
are found in sterile urine. 

Hematuria is the foremost symptom of urinary calculi' associated with the type 
of recumbency under discussion. Hematuria usually is first manifest when the 
patient’s position is radically changed. Renal colic, another manifestation of 
urinary stone, generally is accompanied by microscopic hematuria. However, 
in the presence of renal .stone associated with enforcccl recumbency of a patient, 
renal colic is far less common than is hematuria. 

The prevention of renal stones is, of course, the )>rimc consideration. It has 
been demonstrated repeatedly that uninfected renal calculi in the recumbent 
patient can be dissolved by the maintenance of an acid urine. Lich and Mansfield 
expressed the opinion that it follows that in the absence of infection the formation 
of stones can be prevented. Decalcification of bone must be kept at a minimum. 
Decalcification can be reduced best by active movement of the ]>arts of the patient's 
body not involved by the primary pathologic process, and massage of the affected 
parts affor<ls protection from local hyperemia of bone and consequent dccalcifi- 
cation of the bone. 

Tlie fluid balance of the patient must be carefully' controlled, so that the urinaiy 
precipitation of salt is prevented. The jjatient must take at least 2,500 cc. of 
liquid daily and must take more if the loss of fiuid is great because of such an 
added factor as fever, diarrhea or vomiting. The dietary regimen must be care- 
fully planned throughout the entire course of the patient’s recumbent period. Since 
the diet must ])roducc an acid ash, the ingestion of proteins is of very definite 
importance. Meats, fish and cereals should be included in the daily diet, and 
vegetables and fruits should be intelligently employed, since they produce an alkaline 
urine. Fluids administered must be those which will yield an acid ash, for it would 
be sheer folly to advise an acid ash diet and then to permit the free taking of fluids 
which will produce an alkaline ash. Repeated urinalysis is an essential part o 
the medical regimen. At weekly intervals the hydrogen ion concentration of tlic 
urine should be determined, and, at intervals certainly no longer than a monti, 
microscopic examination of the urine should be carried out, so that thereby a 
stone can be discovered long before it has ])roduccd subjective manifestations, 
intervals not longer than forty-eight to seventy'-two hours the patient^ must ic 
made to change position completely. Lich and Mansfield said that unintclligcn^^ 
use of the uretliral catheter is positively contraindicated among patients whose long 
recumbency is anticipated. 
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Calcium Plaques . — Vcnnoolcn discussed tlic origin and development in tlic 
renal papilla of what have come t(» he known as “Randall's calcium i)laqnes." lie 
said that a change, identical with that whicii takes place during the origin and 
development of hone, occurs in the renal p.ajiilla hut pointed out that tins change 
rarely goes heyond the stage of deposition of calcium salts. This pathologic 
process, like the pathologic deposition of calcium elsewhere in the body, is most 
comnjonlv associated with senescence and the gradually failiitg circulation which 
accompanies senescence. 

Injury arising from any other cause than the one in question may be responsible 
for localized zones of calcilication, Vermooten said, hut cannot account for the 
generalized distribution of calcium so commonly seen in renal papillae, especially 
when Randall’s calcium plaques arc present. This deposition of calcium salts takes 
place in any of the collagen fibers in the renal papillae. It may thus be seen in 
the interstitial connective tissue, in the basement membrane of the collecting tubules 
or in the circular (spinning) fibers surrounding the small blood vessels and capil- 
laries. Anj' of these zones of calcification, when it is situated immediately subepithe- 
lially, may ulcerate through the epithelium of the renal papilla and so form one 
of Randall’s plaques. Injury to the lining epithelium of the collecting tubules by 
toxins and the like is quite incidental, Vermooten stated, and, although it may do 
so, does not necessarily play an important part in the formation of Randall's plaques. 

Tumor . — Forsythe reported a case of bilateral hypernephroma of the kidney. 
He said that a review of the literature revealed only 6 cases in which bilateral 
primar}" hypernephroma had been diagnosed and that in some of these cases the 
diagnosis seemed to him to be questionable. In Forsythe’s case the patient was a 
62 year old man who had complete urinarj' retention that had followed an episode 
of hematuria of several daj-s’ duration. Excretor}- urograms showed only fair 
e.xcretion of dye on the left and no excretion on the right. Because of bleeding 
and elevation of the values for nonprotein nitrogen, the operation selected was 
suprapubic cystostomy. One week later excretory urograms were again made. A 
diagnosis of tumor of the right kidney was made. Removal of the right kidney 
was performed, after supportive therap}’^ including the transfusion of blood had 
been carried out, and a kidney extensively involved by a tumor was removed. The 
patient died of cardiac failure foily^-eight hours after the operation. Necropsy 
revealed that a tumor 4 by 6 cm. also had been present in the midportion of the 
left kidne}'. This tumor appeared to be a separate primary lesion. 

Prince reported a case of primary angioendothelioma of the kidney. He 
said that tumors of this type are verj' rare in the urinary tract; several have been 
reported as arising in the corpora cavernosa of the penis and in the testis and the 
ovary. In Prince’s case the patient was a 51 j’ear old man who complained of a 
dull ache in the left flank which he said had been present for two weeks. Ten 
^ars previously he had experienced a similar tj^pe of pain and gross hematuria. 
Cystoscopic examination indicated that hydronephrosis was present on the left, and 
nephrectomy was done. On removal of the kidney, it was foimd that instead of 
being large and hydronephrotic, as the pyelograms had suggested, it was small and 
firm and contained a tumor. The diagnosis was "angioendothelioma of the kidney.” 

^’■ermooten. V.; The Origin and Development in the Renal Papilla of Randall’^ 
vaiciuni Plaques, J. Urol. 48:27-37 (Jul.v) 1942. 

10. Forsythe, W. E. : Bilateral Hvpemephroma : Report of a Case, T. Urol 47-784-7S0 
\Junc) 1942. 

L. : Primary- .^ngio-Endothelioma of the Kidnev; Report of a Ca^e and 
I'nci Review, J. Urol. 47:787-792 (.Tune) 1942. 
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Caslaiio, de Surra Canard and Ortiz presented a ease in which the syinpto- 
matologic aspects of lithiasis had caused them to overlook a neoplasm, a more 
important disease, which was also present. About seven years previously the 
patient had felt a sharp pain in the left lumbar region, with extension to the testis 
on the same side, accompanied by hematuria and fever. Three years later the same 
clinical picture recurred. All that had been discovered at this time was stricture 
of the urethra for which dilation was carried out. The painful attacks with 
hematuria had increased in frequency and had brought the patient to the hospital 
for observation and treatment. He had a varied history of genitourinarj' dis- 
turbances involving the lower part of the tract. He had frank dysuria, which would 
disappear if he assumed the dorsal decubitus position during micturition. 

A plain roentgenogram disclosed two dense shadows, one in the left kidney 
and one in the bladder, both of which appeared to be of the same nature and to be 
caused by calculi. Excretory urograms revealed the same shadow in the left kidney, 
but in these urograms it appeared to be larger and prolonged downward and out- 
ward. After cystoscopic examination and dilation, tlic calculus in the bladder was 
finally crushed and the fragments were eliminated spontaneously. On exploration 
of the left kidney, small serpentine angiomatoid veins of vermiform appearance, 
forming a plaque 7 cm. in diameter, were found under Zuckerkandl’s fascia. When 
the kidney was freed, large and friable veins which bled freely were found to emerge 
from the parenchyma, and on removal of the plaque the veins of the parenchyma 
itself were seen to be of the same character. A diagnosis of malignant renal tumor 
was made, and nephrectomy was carried out. Histologic examination revealed a 
clear-celled epithelioma. 

Castano, de Surra Canard and Oritz said that such association of lithiasis and 
a malignant process within the kidney is infrequent ; they expressed the belief that 
the incidence varies between 5 and 20 per cent, these estimates including malignant 
tumors of both the pelvis and the parenchyma. Two theories are offered in explana- 
tion of the point of the union of these two entities. According to one, prolonged 
irritative action of the stone on the renal pelvis or on a calix is a predisposing 
element that can give rise to the neoplasm. According to the other, the stone is 
regarded as a result of the neoplasm; that is, the stone is formed by the lithogenic 
precipitation of tumoral detritus. Castano, de Surra Canard and Ortiz said that 
they hold the former view in respect to the case they presented. 

Cysts . — Gutierrez presented a clinicoanatomopathologic classification of cystic 
conditions that may be found in the kidney or in the region near that organ, m 
which he emphasizes the fact that different types of large solitary cysts can be 
grouped according to number, size and anatomic location, as well as by type of 
the lesion and nature of its contents. Three main types are demonstrable urograph- 
ically and anatomopathologically as follows; (1) The cyst is connected with a 
calix or the renal pelvis ; (2) the cyst is not so connected but lies within the struc- 
ture of the kidney, and (3) the cyst lies outside the structure of the kidney but 
within the region of the organ. Such cysts may be congenital or acquired. Their 
pathogenesis, however, remains uncertain, although some form of obstruction or 
trauma in the uriniferous tubules is believed always to play a part, in that it causes 
retention. The cysts appear most frequently at the age of the patient at whici 
arteriosclerosis begins. They are frequently associated with some form of con- 
genital renal anomaly. In most cases no symptoms appear until the cyst has 

12. Castano, E. ; de Surra Canard, R., and Ortiz, A. A. : Cancer de riiion y litiasis urinaria 
asociada, Rev. argent, de urol. 10:625-630 (Nov.-Dee.) 1941. 
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attained a si 7 .c sufficient for it to exert pressure on other alidoniinal organs. Then 
pain, dull or acute, abdominal or lumbar, is noticed. A cyst at the upper pole of 
the kidney may masquerade as a lesion of the liver and gallbladder. Gastrointes- 
tinal symptom’s frequently dominate the picture. Since the cyst, except in rare 
instances, docs not open into the renal pelvis or a calix, it is usual to find no 
symptoms referable to tlic kidney. This accounts for the infrequency with which 
the correct diagnosis was made in the past, before the use of pyelography and 
roentgenography became general. However, a cyst of large size may compress 
the urinary passages and cause symptoms within the urinary system. Hydroneph- 
rosis and pyonephrosis arc not infrequent. Hematuria may appear, with no other 
assignable cause. On the basis of study of 10 cases, Gutierrez concluded that the 
condition can be diagnosed urographically, even in tiie absence of renal symptoms, 
whenever the cyst by compression has produced painful symptoms or the physical 
signs of a tumor mass palpable in one or the other side of the abdomen. He said 
that the most common roentgenographic and urographic observations arc: (1) 
compression of the renal pelvis or one calix or more, (2) change in the position 
of the axis of the kidney, (3) inward displacement of the ureter, (4) displacement 
or rotation of the renal pelvis upward or downward, (5) visualization of the shadow 
of the cyst, (6) crescent shape of the renal pelvis or the calix, (7) calcification of 
the walls of the c 5 -st in some cases, (8) visibility' of the psoas muscle through 
the walls of the cyst, (9) shadow of the cyst superimposed on the shadow of the 
kidney and (10) visualization of the cyst furnished by' pyelovenous backflow. 

■ Experience shows, Gutierrez obser\’ed, that occasionally a malignant tumor is 
concealed witliin the walls of the cyst. This fact, illustrated in one of his own 
cases, justifies tlie insistence on open surgical exploration to verify the diagnosis 
and on removal of the cyst by a conservative operation when possible or by a radical 
procedure when necessary'. When a tumor of the kidney is present the pyelogram 
as a rule discloses more extensive invasion of the calices and renal pelvis, since in 
increasing in size a tumor tends to spread outward. The pyelogram of a tumor 
also presents a more disorganized and bizarre appearance; it follows no such 
rule of uniformity' as does the pyelogram of a simple cy'st. In the case of a cyst, 
he pointed out, the shadow of the kidney itself usually' is not enlarged. 

In this series of 10 cases, 4 patients w'ere operated on, with curative results. 
In 1 of these, the cyst was removed from the upper pole, and this procedure was 
followed by nephropexy' on the right. In 2 of the 4 cases extraperitoneal lumbar 
nephrectomy was done and in the fourth case transperitoneal nephrectomy was 
performed. In all instances gratifying results were obtained. Of the 6 patients 
not operated on, the condition of 3 was improved and 3 were not followed. The 
youngest patient was 18 y'ears old, and the oldest was 74. Five were women, and 
a were men. The diagnosis in 4 cases was made with the aid of intravenous 
urography' and in 4 others with the aid of retrograde pyelograms. In the 2 remain- 
ing cases urography' did not reA'eal tlie cy'St and the diagnosis was made during 
operation for nephropexy'. The cy'st was situated in the upper pole of the right 
kidney in 2 cases, in the upper pole of the left kidney in 2, in the lower pole of the 
right kidney in 3 and in the lower pole of the left kidney in 3. Gutierrez said it 
was striking to note that in the 2 cases in which the diagnosis had not been made 
preoperatively the patients were women in whom the right kidney was low' in posi- 
tion and_ readily palpable, and the uro^aphic studies revealed marked pyelectasis, 
cahectasis and ewdence of pyelonephritis and right nephroptosis. In 1 of these 
- cases the cyst ^Yas situated in the upper pole of the right kidney, and in the other 
""as situated in the lower pole of tlie right kidney. Resection of the upper 
pole followed by nephropexy sufficed in the former of these cases; it resulted in 
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permanent cure of a patient who had undergone, without successful results, 2 
abdominal operations for the same symptoms ten and twelve years previously. In 
the other case, because of anomalies of the blood supply, nephrectomy was necessary, 
and performance of it resulted in cure. In 1 case of the series the diagnosis was 
made by means of intravenous urography and was confirmed by puncture and 
aspiration of the ’fluid contained in the cyst. In the other 5 cases, in which the 
patients were not operated on, the diagnosis was defmitely made urographically 
and w^as substantiated by clinical observation. Gutierrez said it appears that when 
there are enough urologic symptoms and when the preoperative diagnosis has been 
made, the ideal course is to advise open surgical c.xploration of the kidney and the 
cyst by simple lumbotomy, with a view to resection of the cyst by a conservative 
operation. Then, in cases in which the kidney cannot be saved, nephrectomy will 
still remain as a last resort. 


Tuhcrailosis . — JMcClelland and Davis ” discussed the relationship between 
skeletal and genitourinar)* tuberculosis. They made a study of 297 cases of tuber- 
culosis of bones and joints, which led to the discovery of 66 cases of tuberculosis 
in the genitourinary tract. In this group of 297 cases of tuberculosis of bones and 
joints, other tuberculous foci rvcrc present as follows; pulmonary tuberculosis, 
41 per cent of cases; multiple skeletal tuberculosis, 29 per cent of cases; genito- 
urinar)^ tuberculosis, 22 per cent of cases; no other tuberculous lesion, 35 per cent 
of cases. Of the 66 patients, 44 were males and 22 were females. The resultant 
ratio almost coincides with the ratio of 3 males to 2 females which was calculated 
for the entire group of 297 patients. Among the 66 patients who had skeletal and 
genitourinary tuberculosis, 27 (41 per cent) were dead after an average period of 
observation of five years. The general death rate in the hospital for skeletal tuber- 
culosis, complicated and uncomplicated, was 28 per cent during the same period. 
Therefore, they said, genitourinary tuberculosis is such a serious complication ot 
tuberculosis of bones and joints that it increases the death rate by nearly 50 per 
cent. 


McClelland and Davis said there is an 18 per cent chance that genitourinary 
tuberculosis will develop in patients who have a single skeletal tuberculous focus. 
Among the patients who have multiple skeletal lesions there is a 32 per cent chance 
that genitourinary tuberculosis will develop. Many patients suffering from genito- 


urinary tuberculosis have had no symptoms. 

Creevy stated that renal tuberculosis may heal under proper hygienic man- 
agement and reported a case of demonstrably bilateral, minimal, destructive tuber- 
culosis. The patient was well eleven )'^ears after the apparent onset of the disease, 
and ten years after the last demonstrable bacteriologic evidence of activity of _me 
disease. Calcium had been deposited in the zone of destruction on one side.- 
Creevy expressed the opinion that healing may be said to have occurred only if 
pus and Mycobacterium tuberculosis have been recovered from a kidney wluci, 
at operation or necropsy after a considerable interval, contains a localized zone 
' of destruction in which neither tuberculosis nor Myco. tuberculosis can be foun . 
He did not believe that hygienic treatment is to be recommended as a substitute 


for nephrectomy except in an occasional case. 

Surgical Technic. — Lazarus^® described a maneuver designed to prevent injury 
to the diaphragm in cases of difficult nephrectomy. To reduce the period of con 
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valesccnce to a minimum and to avoid injury to the diaphragm to wiiich tiic capsule 
might be adherent, the surgeon divided the capsule surrounding the upper pole 
of the kidney, leaving it attached to the under surface of the diaphragm and removed 
the rest of the capsule along with the kidney, to which 'it is intimately adherent. 
The k-idney is exposed by means of tlic usual Albarran incision, which should be 
of a length which is ample for good exposure and which will facilitate necessary 
manipulation. A pad is placed in the lower angle of the wound, and by means of a 
deep retractor placed over it firm traction is exerted downward toward the sym- 
physis. By this maneuver the kidney is drawn downward into the wound. After 
Gerota’s capsule has been incised, the kidney is exposed in its fatty capsule and 
freed as far as possible from its bed, care being exercised to make certain that the 
upper pole, which is intimately adherent to the diaphragm, is not disturbed. A 
transverse incision is made on the anterior surface of the kidney as close to the 
upper pole as visibility will permit. This incision is carried down through the 
entire thickness of the capsule to the renal cortex. The upper and lower edges 
of the incised capsule are then grasped with clamps, and by means of a grooved 
director a line of cleavage is found between the inner surface of the true capsule and 
the renal cortex. Once this plane has been reached, Lazarus said, it is possible 
to introduce the right index finger into this space and with one sweep dislocate 
tlie upper pole of the kidney out of its capsule. The posterior reflexion of the 
capsule is then dirided with a sharp scalpel, so that thereby the upper pole of the 
kidney is completely decapsulated. The procedure is completed by removal of 
the kidney -vrith the rest of the capsule, which is attached to it. 

Hypertension . — ^To determine how often hypertension and unilateral renal 
disease are associated, Baggenstoss and Barker studied the records of 97 patients 
who came to necropsy. There were S4 instances of unilateral renal atrophy and 
13 instances of unilateral hypoplasia. There were 4S cases of pyelonephritic 
atrophy, 28 of h 3 -dronephrotic atroplw, and 8 of pyonephrotic atrophj’. The size 
of the heart and the condition of the opposite kidney also were studied in each 
case. Only in the cases of pyelonephritic atrophy (39.6 per cent) and of pyoneph- 
rotic atroph}' (37.5 per cent) was the incidence of hypertension greater than in 
the authors’ control group (29 per cent). The highest incidence of h 3 'pertension 
(41.9 per cent) was noted in cases of p 3 ’elonephritic atrophy in which the kidne 3 ' 
weighed 75 Gm. or less. Evidence of inflammation in the opposite kidne 3 ’’ w^as 
present more often in cases in which h 3 'pertension was observed. The degree of 
arteriosclerosis in the opposite nonatrophic kidne 3 ’' was generall 3 ' less severe than 
that in the atrophied kidney. Baggenstoss and Barker expressed the opinion that 
these results suggest that unilateral p 3 ’elonephritic atroph 3 ' is more often associated 
with h 3 -pertension than would be expected on the basis of chance, and that h 3 'per- 
tension is more likely to be present if the atroph 3 ' is severe. They suggested fur- 
there that in man 3 ' cases in which hypertension is in an early or mild stage it ma 3 ’ 
not be associated with renal arteriosclerosis. 

Friedman, Moschkowitz and Marrus studied data concerning 193 patients 
who underivent nephrectom 3 - for unilateral renal disease. The mean blood pressure 
and the incidence of h 3 ^ertension were no greater in this group than they were in 
comparable control series of patients. No correlation was noted between the type 
of renal disease present and the presence of h 3 'pertension. After removal of the 
diseased kidney the blood pressure of the majority of patients remained essential^ 
unchanged, whether the patients had been h 3 -pertensive or normotensive before 
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operation. In 22 per cent of the patients who had had normal blood pressure 
before operation, hypertension developed postoperativcly. A significnat decline 
in blood pressure occurred in only 7 per cent of the patients who had had hyper- 
tension before nephrectomy. The incidence of hypertension was higher among 
patients who had good excretory function than it was among comparable patients 
whose excretion of urine from the diseased kidney was cither poor or absent. 
Arteriolar sclerosis was found in the diseased kidneys of 82 per cent of the patients 
who had hypertension at the time of operation and of only 33 per cent of the 
patients who had a normal blood pressure at the time of operation but in 
whom hypertension developed after nephrectomy. The authors said that when 
unilateral renal disease and hypertension coexist, removal of the diseased kidney 
is not likely in the majority of cases to result in reduction of the blood pressure. 
The advisability of performance of nephrectomy in most cases should therefore be 
determined primarily by the nature of the renal disease rather than by the expecta- 
tion that the blood pressure will be lowered thereby. 

Shure studied the incidence of hypertension among patients who had had 
pyelonephritis, his data consisting of those obtained in the performance of necropsy 
11,898 times in a ten year period. Hypertension was found in 44.4 per cent of the 
cases, as compared with an incidence of 34.9 per cent in a control group of patients 
taken at random. After analysis, however, this greater incidence apparently related 
to patients who had bilateral pyelonephritis, and especially to men. It was most 
marked in relation to men more than 40 years old. The relative absence of high 
blood pressure among patients who had unilateral pyelonephritis was striking. The 
incidence- of hypertension increased as the age of the patient increased, and was 
parallel to the incidence of advanced renal vascular damage. In small groups of 
patients who had polycystic kidney, horseshoe kidney and uncomplicated nephro- 
lithiasis the incidence of hypertension was 46.15, 64.7 and 53.25 per cent, respec- 
tively. 

In a review of renal disease as a factor in hypertension, Braasch stated that of 
4,000 patients who had hypertension, only 100 exhibited clinical evidence of a 
non-nephritic renal lesion. Only 19 of these patients, or less than 0.5 per cent of 
the total number of hypertensive patients, were selected for operation. He said 
that extensive investigation undertaken to rule out the kidneys as a cause of 
hypertension is not indicated unless there is definite clinical evidence of involve- 
ment of the urinaiy tract. Bfaasch found that chronic and atrophic forms of 
unilateral pyelonephritis, renal neoplasm, renal Hthiasis, hydronephrosis, tuber- 
culosis and polycystic kidneys, in the order given, are factors or causative factors 
in hypertension. The presence of renal stone or hydronephrosis, unilateral or 
bilateral, will not affect blood pressure unless there is secondary pathologic change 
in renal tissues. Best results from surgical treatment are obtained among young 
patients and when the hypertension is of comparatively recent origin. A perma- 
nent decrease in blood pressure was observed in only a third of the patients selected 
for operation. Braasch said there is no typical renal pathologic change observed 
in the presence of hypertension. The essential factor, in his opinion, is apparently 
an intrarenal vascular imbalance which permits the secretion of pressor substances. 

Hyman and Schlossman discussed the etiologic role of the intrarenal pelvis 
in hypertension. They found at necropsy of 55 patients who had had hypertension 
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that the incidence of intrnrcnal and tliat of cxtrarcnal pelves were similar. Review 
of 200 unselectcd intravenous pyelograms did not .«how tliat the incidence of liypcr- 
tension among patients who liad intrarenal pelves was higlier tiian it was among 
those who had cxtrarenal pelves. Iti 71 patients who had renal calculi and hydro- 
nephrosis there was no relationship between the hypertension and the type of renal 
pelvis present. Hyman and Schlossnian said that nephroptosis combined with an 
intrarenal pelvis does not appear to prcdi.‘:pose to hypertension. They described 
e.\perimcnts in which a quadrupedal animal with an intrarenal pelvis was placed in 
the upright position to simulate the relationships of the human kidney for a period 
of time sufiicicnt for production of hypertension by other experimental means. 
The negative results of these experiments, as well as the results of studies of 
ureteral occlusion by other investigators, tend to show that the intrarenal pelvis 
does not play a causative role in clinical hypertension. 


Renal Disease and Surgical Risk . — Odd -* said that renal disease imposes 
un increased risk on the patient who comes to operation. In his general review 
of the subject, Odd pointed out the necessity for restoration of impaired renal 
function prior to surgical operation. Routine urinalysis and measurement of the 
volume of urine passed in twent 3 '-four hours are valuable and simple preoperative 
tests. Determination of the concentration in the blood of urea, creatinine and 
chlorides, and determination of the carbon dioxide-combining power are valuable 
guides when renal impairment is more severe. IMicroscopic examination of tlie 
unne for er}-throcytes, pus cells and organisms is indicated when renal infection 


IS suspected. Mandelic add and sulfonamide compounds are used in combating 
iWection of tlie urinar}- tract. An increased oral or parenteral intake of fluid in 
the form of solutions of sodium chloride or of dextrose together with the use of 
theopltylline irith ethjdenediamine promotes effective diuresis. Chlorides and sodium 
bicarbonate should be administered intravenously when the}' are indicated. The 
diet should be light and should contain a moderate amount of protein. Any patient 
■'vho has renal disease and is to undergo an operation on the biliaiy or gastroin- 
testinal tract should have the benefit of tests of hepatic function, Odel said. Spinal 
or local anesthesia is preferable from the renal standpoint. Postoperativelv, 
measures must be taken to combat dehydration, oliguria, edema and anemia after 
me results of appropriate tests and determinations have established the causative 
actors of any of these conditions. 


REX.VL HYPERPARATHYROIDISM 

Harrison stated that urinar}' obstruction with imposed infection produces 
renal insufficiency, inducing hyperparathyroidism, with or Awthout rickets, dwarfism 
or infantilism. Early recognition of the condition and relief from it achieved bi- 
le urologist are the only means thus far arailable to prevent this disease from 
progressing, Harrison said. It is of little benefit to the patient to remove obstruc- 
^tablish^ drainage and combat infection, when renal insuffidency has been 
established, with resultant changes. Harrison reported 5 cases, in 2 of which the 
patients died. Of the 3 patients who undenvent operation and were living at the 
a^^fi 1 had a guarded prognosis with a solitary' kidney and infection. 

6 f f ^ infection. One had attained a height of 

leet 080 cm.) with no bony changes. The other had been growing at the rate 
_ ^ inches (5 cm.) per year but was still stunted at the time of Harrison’s report. 

2° -343347^ ^'ebraska 

J. ■Uro3rs'fe7^(j^,;.)3942!''’ Renal Hyperparathyroidism. 
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KETHOI’EUrrONl'Af. TUMORS Al'l-KCTIXG THE KIDNEYS 

Swcctscr"' discussed rctroperiloncal tumors influencing the kidneys and ureters 
and reported 8 eases of these neoplasms, lie said that an accurate diagnosis is 
difficult to make. Before the days of intravenous urography it was impossible in 
most eases to rule out the jiossihility of renal tumor and to arrive at a definite 
diagnosis. Sweelser .said tliat the patient’s discovery of a mass usually not asso- 
ciated with abnormalities of the urine and not Iiaving the ciiaractcrislic mobility of 
an intrapcritoncal mass would lead to the physician's suspicion of retroperitoneal 
tumor or cyst. As a rule, an exploratory operation would he performed with the 
diagnosis still in doubt. In .some cases the patient's history and the results of 
])hysical examination should strongly suggest the diagnosis. Sometimes the results 
of urinalysis, studies of the blood and roentgenograms may help. Tiie perirenal 
insufflation of air and other gases has been advocated for the making of contrast 
roentgenologic studies, but Sweetser said that this procedure is of limited value 
because it is sometimes misleading and is not williout dangers. He said that it 
should be used only as a diagnostic last resort, and observed that he would rather 
not use it at all. He expressed the opinion that at present urography, intravenous 
and retrograde, anteroposterior and lateral, ]>rovides the most valuable information 
of any diagnostic technic, but even with that help the difficulty of diagnosis is still 
recognized. In reviewing the possibilities of diagnosis, Sweetser stated that the 
patient’s history may be of little or no value or it may give th^ vital bit of informa- 
tion. Physical examination sometimes discloses a mass that is definitely separate 
from the kidneys and docs not move with respiration. Sometimes, associated 
findings, such as an enlarged spleen or large lyinjili nodes situated elsewhere than 
in the renal region, may be a guide. Usually, the results of physical examination 
do not clinch the diagnosis. The results of laboratory studies may help, but usually 
do not, Rocntgcnographic studies arc of greatest value, especially when the urinary 
tract and the gastrointestinal tract are outlined and viewed from front and side. 
Sometimes, even in these days, the diagnosis may have to be made by exclusion 
and may have to await exploratory operation or necropsy. Sweetser said that since 
as a rule the only hope of cure of a primary retroperitoneal tumor is surgical 
removal, an operation is usually justifiable and indicated. It is true, however, that 
complete removal of tlic tumor may prove to be impossible because of extension 
and involvement of the great vessels or other essential parts. 

In most cases, by far, the tramsperitoncal approach has been used, although the 
mortality rate accompanying this procedure has ])ccn much higher than that which 
accompanies an cxtrapcritoncal approach. The justification for the transperitoneal 
approach has been the better visiliility and accessibility claimed for it, but Sweetser 
said that the transperitoneal operation is associated with a definite risk of peri- 
tonitis and results often in extreme surgical shock arising from handling of the 
bowels and peritoneal surfaces, evaporation and other factors incident to such a 
prolonged and difficult operation. On the other hand, the lumbar and flank inci- 
sions, which seem to be considered by most surgeons as the only alternatives,^ have 
admittedly been unsatisfactory in that they have not provided adequate visibility 
or accessibility. 

URETERS 

Stone . — Kretschmer *'■' reviewed a .series of 500 cases of ureteral stone. Pie 
said that stone in the ureter is rare at the extremes of life. The youngest patient 
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in this scries was 2 vears old and the oldest isO. Stone occurred with the greatest 
frequcnct’ in the third, fourth, and fifth decades. Eighty-nine and four tenths per 
cent of the patients had a single stone, and only fo. or 10.6 per cent, had multiple 
stones. Stones in the ureter may vary in size, some being as small as a grain of 
wheat and others being of enormous size and weight. Hematuria may be the first 
and only symptom of which the patient complains. I'urthermore, it should be 
remembered tbat stone is one of the five common causes of blood in the urine. In 
practically all the patients in this series, hematuria was followed by pain.^ Hema- 
turia was present in ISl patients, or 34.2 per cent. Ihc history of a previous pas- 
sage of stones is most important. If a patient gives a history of having passed 
stones on one occasion or more, the odds arc that he will pass stones again. Study 
of the roentgenologic findings in Is.rctschmcr s series disclosed that positive reports 
for stone had been recorded concerning 455 patients, whereas the reports ^\ ere 
negative concerning onlv 20 patients. Ivrctschmer said that the intravenous uro- 
gram is of much diagnostic aid. In the largest number of instances it reveals 
dilatation of the ureter and of the renal pelvis. Although dilatation (except when 
the stones are very small) is the rule. Kiretschmer has seen a number of patients 
in whom the urograms disclosed no dilatation, despite the fact that the stones were 
far from being small. The urogram not infrequently reveals the ureter down to the 
bladder, or the outline mav stop at the site of the stone, in this manner disclosing 
complete blockage. 

A roentgenogram should be made of the renal region of each patient before 
operation ; this procedure will avoid the embarrassment of the surgeon’s operating 
only to find that the stone has progressed up the ureter or into the renal pelvis. 
Retrograde movement of the stone occurred in 10 patients in the present series. 
Kretschmer said that the treatment of stone in' the ureter is naturally divided into 
three stages: (1) watchful waiting, (2) instrumental manipulation and (3) opera- 
tive treatment. He said the fact should be borne in mind that many patients pass 
the stones without the use of instruments, by the simple expedient of drinking 
large- quantities of fluids, with or without the taking of diuretic drugs. In Kretch- 
mer’s series 128 patients, or 28.9 per cent, passed stones without manipulation of 
any sort. He warned tflat manipulation of a stone with instruments is not entirely 
Ree from danger. In his series, 44.3 per cent of the patients passed the stone after 
manipulation. He said that during the past twenty-five years there has been a 
definite trend away from open operation in favor of cystoscopic manipulation. 
^^'’hen a patient has a very large stone, it is perfectly obvious that manipulation is 
useless and that ureterolithotomy should be done at once. In case the patient has 
Only two or three stones without complications, Kretschmer expressed the opinion 
that the urologist might wait or try manipulation before resorting to open operation. 
However, when complications are present, operation probably is the best procedure, 
although Kretschmer has seen patients with multiple stones pass them spontane- 
ously. He said that a relative!}* large stone situated high in the ureter had best 
be operated for, whereas if a stone has descended into the pelvic portion of the 
ureter operation can be deferred while developments are awaited. If the onset of 
the symptoms is recent, the surgeon may wait, but if there have been recurrences 
Without signs of remission, operation is clearly indicated. 

In^ case severe reaction, such as pain, chills, fever and hematuria, occur after 
each instrumentation, the patient should be operated on. Operation is the onh' 
procedure to employ when severe attacks of hematuria, either with or without 
eolic, occur and are accompanied by marl^ed secondary anemia. On tire other hand, 
" ’en the patient has only an occasional loss of blood and mild secondary anemia, 
operation can be deferred to a later date. Kretschmer said that severe infection in 
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the kidney clearly indicates operation. Chronic pyelonephritis persists in the 
patients under consideration because of poor renal drainage, and should manipula- 
tion fail, operative removal of the stone is to be employed. Acute infection, unre- 
lieved by drainage by ureteral catheter, necessitates operation at once. If the stone 
is large, this condition should be met with immediate removal ; if the stone is small, 
drainage by ureteral catheter should be the procedure. In case drainage by catheter 
does not provide prompt relief, operation must be performed at once. Suppression 
of function above the anatomic situation of the stone does not call for immediate 
operation, since the opposite kidney will be able to maintain renal function. When 
complete hydronephrotic atrophy exists above the situation of the stone, operation 
should be performed. When moderately advanced hydronephrosis is present, the 
stone should be removed to prevent further progress of the hydronephrosis. 

Cacciatore and Garcia stated that there are many cases of ureteral lithiasis 
in which the results of routine roentgenologic examination of the urinary system 
are absolutely negative. They said that the frequency of occurrence of ureteral 
calculi that are invisible to roentgen rays is difficult to determine, since the literature 
on the subject is limited. In many papers the existence of such stones is mentioned 
and that is all. Cacciatore and Garcia protested against this manner of treatment 
of so important a subject, since the presence of a ureteral calculus is very different 
from the presence of a small caliceal or pelvic calculus. During the two years prior 
to the time of their report Cacciatore and Garcia systematically carried out intra- 
venous urography on all patients who had renoureteral conditions. They regarded 
their results as of utmost importance in diagnosis. In 52 cases of ureteral lithiasis, 

3 cases involved calculi which were invisible to the roentgen rays. This number 
represents 5.76 per cent, a figure the authors considered worthy of attention. In 
all 3 cases ureterolithotomy was carried out with excellent results. The means 
available for demonstration of these invisible stones are excretory urography, 
ureteral catheterization, retrograde pyelography and chromocystoscopy. Although 
these means of exploration may not permit visualization of the calculus, they will 
reveal the existence of “uroectasia” or retention of urine, the anatomic level at 
which the obstacle to evacuation is situated, its characteristics and the variations 
it undergoes from time to time. Cacciatore and Garcia said that if it is impossible 
to prove the existence of a ureteral calculus by direct visualization of the stone, an 
attempt should be made to demonstrate the dysfunction for which it is responsible. 
Among the types of dysfunction which may be present, uroectasia is the most 
frequent and the most important. Three illustrative cases were presented. They 
tend to show how misleading it is, on the basis of a plain roentgenogram of the 
urinary system, to consider the I'esult “negative” when a calculus cannot be seen 
in the urinary system. On the other hand, the extraordinary value of excretory 
urography in cases of invisible calculus of the ureter is demonstrated, as is also the 
relative value of this form of exploration in cases in which the renal function, 
already seriously compromised, does not permit elimination of the opaque substance. 
The indispensability of ureteral catheterization and retrograde pyelography is also 
emphasized as a means of determining the precise localization of the metera 
obstruction and its character. Pneumopyelography is useless, since there is no 
air space around the calculus. All the observations gained from the aforementione 
modes of exploration are important in cases of an obstructive renoureteral syn 
drome. Failure to make an exact diagnosis may lead to useless and even disastrous 
forms of therapy. Expectant therapy is especially condemned, because it may je 
responsible for irreparable damage to a kidney. 

26. Cacciatore, C., and Garcia, A. E.: Los cakulos urcterales no visibles a los raj os X, 

Rev. argent, de urol. 10:681-707 (Nov.-Dee.) 1941. 
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Muschat-' discussed suprapubic urctcrolitliotoniy. Me uses a midlinc incision, 
which he has found gives satisfactory exposure with more safety and which con- 
sumes much less time than operations carried out hy the old method of approach. 
In 1 case he removed two stones, one from each ureter, through the same incision. 
To do this by the old method he said, would have required two separate opera- 
tions. A midline suprapubic incision is made which extends from the pubis 
to the umbilicus. The fascia is cut. and the rectus muscles are exposed and split, 
freed and retracted. The bladder is picked up with forceps and retracted to the 
opposite side. By blunt dissection, the upper corner of the bladder is free from 
the surrounding structures. The ureter is located in the upper end of the wound 
and can be picked up just as it leaves the covering of the peritoneum and becomes 
a free pelvic structure. This procedure is followed down to the ureteral vesical 
junction. A simple incision in the ureter is then made, and the stone is removed. 
The postoperative course usually is smooth, and there is very little abdominal or 
gastric reaction, probabh' because the peritoneum remains practically untouched. 

Urcicromtcstinal Anastomosis. — Riba"® reported a case of ureterointestinal 
anastomosis with an unusual complication. The patient was a girl 8 years old, who 
had exstrophy of the bladder. The ureter from the one good kidney (the right 
one) was transplanted to the colon. The left kidnej- was small and pyonephrotic 
and was removed. Two 3 'ears after the second stage ureteral transplantation, the 
patient became uremic and verj' sick. The value for nonprotein nitrogen was 
elevated. Nephrostom}' (right side) was performed, and a catheter was placed 
in the lower calix. The patient recovered from this operation readily. Later, a 
proctoscopic examination revealed that the site of the ureteral transplantation had 
become invaginated into the bowel. With an electric meatotome, this invagination 
or “rectal polyp” was incised, and this permitted the urine to pass freely through 
the anastomosis. The nephrostomy tube was then removed, and excretory pyelo- 
grams disclosed good function in the right kidney. 

Ureterocele . — Thompson and Greene"® reported a clinical studj* of 37 cases 
ot ureterocele. In most cases this condition is of congenital origin, and it occurs 
much more frequently' among women than among men. The ages of the patients 
varied from 9 to 64 years ; the majority were between 30 and 50 years. The most 
common sy-mptoms were pain, frequency of urination, dysuria, hematuria and pas- 
sage of calculi. The diagnosis can alway^s be determined by cystoscopic examina- 
tion and only' in an occasional case by excretory' urography'. The most satisfactory 
treatrnent, the authors said, is fulguration of the contracted ureteral orifice or a 
combination of ureteromeatotomy and fulguration of the wall of the ureterocele. 
Open operation is necessary' in the presence of destroy'ed renal function or of 
urinary' calculi which cannot be removed by' transurethral methods. 

Polyps .-^ — Johnson and Smith reported a case in which ureteral poly'ps had 
developed in a man 24 years old. The pyelograms disclosed hydronephrosis in the 
upper portion of the left ureter. There was a tear-shaped negative shadow on the 
basis of ^vhich the diagnosis of ureteral poly'p was made. On surgical exploration 
le polyps could be felt just below the ureteral pelvic juncture. Nephrectomy was 
one, and the polyps were found to be similar to those occasionally seen in the 
nasopharynx. 


^"P’'“Pubic Ureterolithotomy, J. Urol. 47:571-376 (Alav) 1942. 

47-fi7Q Uretero-Intestinal Anastomosis Complication: Case' Report, T. Urol, 

tiiay) 1942. 

Greene, L. R: Ureterocele: A Clinical Studv and a Report of 
1 nirt> -Seven Cases, J. Urol. 47:800-S09 (June) 1942. 

(April) 194 ^°"' Smith, D. R.: Benign Polyps of the Ureter, J. Urol. 47:448-452 
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Dhertknhm . — Richardson reported a case in wliich diverticulum of the 
ureter afflicted a woman 39 years old. Tlic diverticulum originated from the 
middle third part of the ureter well below tlic renal pelvis and above the brim of 
the bony pelvis. There was no history of trauma to the ureter, infection of the 
urinary tract at any time, hematuria, passage of calculi or either renal or ureteral 
colic. At operation a no. 8 ureteral catheter was readily passed through the lower 
segment of the ureter into the bladder without meeting obstruction. Richardson 
said that repeated postoperative cystoscopic studies have demonstrated only that 
slight narrowing of the bladder segment of the ureter may be present, a narrowing 
which, however, permits the easy passage of ureteral catheters. It seems probable, 
therefore, that this diverticulum was of congenital origin. Its enormous size 
(3,500 cc. of urine by accurate measure was evacuated at operation) places it in 
a class by itself. Furthermore, Richardson said, his case is the only recorded 
instance of diverticulectomy in which double division of the ureter was required. 
It is also the only recorded instance in which after diverticulectomy an immediate 
and successful end to end anastomosis of the ureter was carried out, with subse- 
quent restoration of function to normal. Richardson also reviewed the published 
clinical reports on this condition and summarized the data which they suppi}'. He 
said that in the matter of prioril}^ Lotsi was the first to report a diverticulum of 
the ureter in a living person; Neff shares with Hale and von Geldern the honor 
of having first diagnosed the condition with certainty prior to operation; and 
Teposu and Danicico were the first to demonstrate this lesion by means of excre- 
tion pyelography. 

Of the recorded patients, 2 were less than 3 years old; 1 was 10 years old; 2 
were in the second decade of life ; 10 were in the third decade : 7 were in the fourth 
decade; 4 were in the fifth decade, and 2 were in the sixth decade. Richardson 
said that the sex was stated in 30 instances; in 15 cases the patients were male 
and in 15 they were female. The right side was involved in 13 cases, the left side 
in 14 and both sides in 1. In 17 cases the diverticulum was situated within 5 cm. 
of the site of the insertion of the ureter into the bladder; in 7 it was located from 
5 to 10 cm. above the bladder; in 6 it had arisen adjacent to or within 4 cm. of 
the ureteropelvic junction. Preoperative diagnosis appears to have been made with 
reasonable accuracy in 28 cases by means of roentgenologic studies, cystoscopic 
investigations, including catheterization of the ureters, and retrograde pyelo- 
ureterography. In only 3 instances was a preoperative diagnosis arrived at by 
the use of excretion pyelography. Calculi were found in 8 of the diverticula. The 
formation of these calculi was promoted by infection and stagnation, 
patients had pain, colicky or dull, on the involved side; 19 had pyuria; 17 ^ 
frequency of micturition and dysuria ; 6 had nausea and vomiting ; 4 had hematuria , 

4 had chills and fever. Richardson said there is, however, no characteristic syn 
drome. Treatment varied according to the requirements of and indications m tie 
individual patient. For a few patients repeated dilation of ureteral* strictmes 
sufficed. Others required ureterotomy with dilation of the ureteral orifice. i^ 
majority, however, required a more radical procedure, such as diverticulectomy, 
diverticulectomy together with reimplantation of the ureter into the bladder, or 
nephroureterectomy. On the whole, the results have been satisfactory an 
creditable. 

31. Richardson, E. H. : Diverticulum of the Ureter: A Collective Rev’iew with Rep 
of an Unique E.xample, J. Urol. 47:535-570 (May) 1942. 
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Spasm . — Lazarus and Marks stated that ureteral spasm is a frequent finding 
in urologic practice. It may occur spontaneously or it may be associated with or 
initiated by a variety of conditions, among wliich ureteral calculus is the most 
frequent. It may occur in one ureter or both, cither as a primary condition or as 
a secondar}* manifestation from some source of irritation which may be present on 
one side or both sides. Contralateral spasm presents an interesting and not 
infrequent condition occurring among patients who have unilateral renal or ureteral 
disease and may give rise to mild or severe symptoms. Relief of obstruction in 
one kidney usually results in spontaneous relaxation of the spasm in the opposite 
ureter. 

BLADDER 


Fistula . — Barnes and Hill ““ reported a series of 14 cases of intestinovesical 
fistula. The most common cause of this condition is diverticulitis of the large 
bowel, and the fistula and its underlying pathologic process frequently are not 
found, the patient being treated for what is thought to be “cystitis.” Passage of 
gas from the bladder is almost diagnostic, and the cystoscopic appearance of a zone 
of edema and inflammation in the fundus of the bladder is the most characteristic 
observation. Cystograms, roentgenologic examination of the bowel and instillations 
of a dye may prove to be unsatisfactory as aids to diagnosis. Proctoscopic exami- 
nation is preferable to roentgenologic study for the diagnosis of lesions in the 
terminal 10 inches (25 cm.) of the bowel. Surgical treatment is sometimes difficult, 
and the performance of preliminar)’' colostomy is usually but not always preferable. 
Treatment should be administered for the prevention of postoperative peritonitis. 

Counseller called attention to the difficulty of closure of small vesicovaginal 
fistulas in certain situations, with particular regard to the vesical sphincter and 
ureters. Sulfanilamide and its derivatives have enhanced the treatment of vesico- 
vaginal fistula in that the drug and its derivatives are able to destroy organisms in 
the urine in a much shorter period than had been possible formerly. It is thus 
possible to maintain the urine in a nearly sterile state during convalescence of 
the patient. This has been a verj’’ great asset in the improvement of end results. 
Meticulous care must be devoted to the patient during convalescence, to maintain 
tlie urine free from infection and to avoid incrustation in the bladder and occlusion 
of the catheter. The vagina should be cleaned of secretions daily. Ureterosigmoid- 
ostomy has a definite place in tire treatment of huge vesicovaginal fistulas in 
cases in which the bladder has been rendered incapable of again retaining urine. 
Rectovaginal fistulas are best treated by complete excision of all scar tissue and 
reestablishment of the normal character of the rectum. Counseller expressed the 
opinion that particular attention should be directed toward those small fistulas 
which originate in an anal crrqit, a circumstance in which it is essential that the 
^rgeon understand the cause of the condition and the clinical course of the patient. 
Postoperative care is similar to that for patients who have undergone repair of 
vesicovaginal fistulas in that suture lines in both the rectum and vagina must be 
kept clean daily. This can be done by tlie use of a Sims speculum, a small anoscope 
and dty cotton swabs. Attention to these details will greatly increase the number 
of instances of primaiy- healing. 


Marks, M. S.; Ureteral Spasm with Special Reference to Contra- 
■aieral Spasm of tlie Ureter: A Clinical Study, J. Urol. 48:69-82 (Julv) 1942. 

Intestino-Yesical Fistula, California & West. Med. 

050-034 (June) 1942. 

X' ^4’ Surgical and Postoperative Treatment of Large Vesicor-aginal and 
ctoraginal Fistulas, Surg., G\-nec. & Obst. 74:738-745 (March) 1942. 
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hundred and three of the ulcerations healed and 92 persisted cither until death of 
the patient or until the time of the authors’ report. 

The statistical data presented indicate that the tendency toward the formation 
of ulcers is least with low grade malignant papillary carcinomas and greatest with 
papillar}- tumors of a high grade of malignancy, as well as with solid infiltrating 
cancers. Aside from the histologic aspects, the location of the lesion is important. 
Tumors which originate in the region of the vesical sphincter or center and border 
of the trigone have a substantial tendency toward the formation of persistent 
ulcers, whereas lesions of the anterior and posterior walls of the bladder are 
associated with a bettor prognosis as to development and healing of radium 
ulcerations. 

For the determination of factors which influence the clinical course and duration 
of radium ulcerations, data on 179 patients who had single tumors were collected. 
The results of these studies show that the tendency toward persistence of radium 
ulcerations is in direct proportion to the size of the zone of implantation and to 
the amount of radium therapy delivered. The percentage of persistent ulcerations 
was 62.5 per cent for zones of from 4 to 5 cm. and 71.4 per cent for lesions larger 
than 5 cm. in diameter. If more than 300 millicurie hours of treatment was 
delivered to the tumor, persistence of the ulcer was obseiu'ed in two thirds of the 
cases. The average duration of radium ulcerations among patients in whom healing 
of the ulcer took place was ten and six-tenths months. It was found that the 
duration of the ulceration was in direct proportion to the size of the zone of 
implantation and to the amount of interstitial radium therapy delivered. Radium 
ulcerations of the anterior and posterior walls of the bladder healed faster than 
those located in the fixed parts of the bladder. The development of incrustations 
or stones also prolonged the duration of the radium ulcers. 

Barringer reported that cancers of the bladder, both papillar}* and infiltrating, 
are well adapted for therapeutic attack by means of radon implants. Of 257 
patients examined up to and including 1937, 112 had papillar)’- cancers and 145 had 
infiltrating cancers. Excluding 15 patients, in most of whom metastasis had 
developed and palliative operation had been performed, 56.1 per cent of patients 
who had papillary cancer and 28.9 per cent u-ith infiltrating cancers had been well 
for five years at the time of Barringer’s report. When the two groups were 
combined, a five year rate of cure of 40.4 per cent was obtained. Both the supra- 
pubic and tlie cystoscopic route have been used for the application of radon seeds, 
the latter route in about a fourth of all cases. The chief complications arising from 
the implantation of radon seeds are infection and formation of stones. These 
complications are becoming fewer as modifications are made in the original technic 
of implantation. Tumors of the vault of the bladder and extensive papillomatosis 
are better treated by means of operation alone, ^^'ith all other types of cancer of 
the bladder radon implantation is more simple to effect, is associated with a lower 
operative mortality rate and provides more assurance of five vear cure, Barringer 
said. 

Fleiscliman and INIauritz stated that adenocarcinoma of the urinarr' bladder 
IS a rare patliologic entity. They said that Ash, in a careful analysis of 2,000 cases 
m the^ bladder tumor registry maintained by the Army Aledical iMuseum for the 
American Urological Association, reported only 2 cases of this particular type of 
carcinoma. Two types of adenocarcinoma are recognized: (1) without colloid 

Control of Bladder Cancers by Radon Implants, J. 

.^20 :909-910 (Nov. 21) 1942. 

1 Mauritz, E. L.: .-Vdenocardnoma of the Urinarv Bladder, 

Urol. 4<:6 jS- 663 (May) 1942. 
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degeneration and (2) with this type of degeneration, the latter being the type most 
frequently observed. The general characteristics of these tumors are not always 
the same. They vary in size, are usually sessile, appear frequently as flat,-indurated 
lesions with ulcerated or necrotic zones and invariably infiltrate the deeper tissues. 
Histologically colloid adenocarcinomas arc characterized by acini whose cell linings 
are of the high C3dindric variety with basal nuclei which exhibit various stages 
of formation of mucin. Masses of mucin may be seen lying in the free spaces 
formed by the fibrous tissue. Flcischman and Mauritz said that the clinical 
observations made on a patient sufTcring from adenocarcinoma of the bladder differ 
in no way from those associated with neoplasms that arc frequently found in the 
bladder, hematuria being the cardinal symptom. The usual dysuria and urgency 
and frequency of micturition invariabl)’’ are prcscjit also. However, tiie clinical 
history may differ from that of other vesical neoplasms if the tumor has not 
penetrated the mucosa. An abdominal mass may be felt in the area of the bladder 
if the tumor is of unusual size. The authors said that such a tumor has been 
reported by Barringer. A tumor situated in the region of the trigone or vesical 
neck can be treated transurethrally. One situated at the apex of the bladder 
unquestionably cannot be removed satisfactorily by this method. It must be 
removed by suprapubic radical excision. Flcischman and Mauritz reported a case 
in which adenocarcinoma of the urinary bladder occurred in a white man 36 years 
old. The tumor was removed by means of the electrosurgical cautery. Extra- 
vesical extension was found later, and the patient died seven months after the 
operation. 


Hemangioma. — Kahle, Maltry and Vickery'® reported a case in which hem- 
angioma of the bladder occurred in a woman 52 years old. At cystoscopic 
examination a papillomatous mass 1 cm. in diameter was seen in the region of the 
right ureteral orifice. A similar tumor was seen just above the trigone. The 
tumors were removed through a Stern-McCarthy resectoscope. The histologic 
report was “benign ulcerating angioma.” 

Glandular Prolijeration . — Emmett and McDonald stated Jthat proliferative 
lesions of the urinary bladder which simulate tumor are occasionally encountered. 
Grossly, these lesions may closely resemble carcinoma, but histologic examination 
will show them to be composed of a proliferation of glandular tissue usually asso- 
ciated with inflammation. Emmett and McDonald, in the cases they studied, 
recognized two distinct types of glands; (1) the subtrigonal type (also called 
glands of Albarran), and (2) glands simulating those found in the intestine, whic i 
they called the “intestinal” type of glands. They said that the lesions seen^in suc i 
cases have been described by many names, the most common of which is ^ cystitis 
glandularis.” These glands are not apparent in the urinary bladder at birth an 
appear to be formed by metaplasia from the epithelium lining the urinary bladder. 
The presence of infection in all but 1 of the cases presented by the authors suggeste 


that it is an important factor in the production of these glands. 

Calculus . — Prentiss presented a clinical analysis of two groups of simhjii' 
patients who were suffering from vesical calculus treated by means of cysto i i 
otomy or lithotripsy. He said the development of transurethral surgeiy 


40. Kahle, P. J. ; Maltry, E., and Vickery, G. : Hemangioma of the Bladder: Report 

an Additional Case, J. Urol. 47:267-269 (March) 1942. . -puAAer 

41. Emmett, J. L., and McDonald, J. R. : Proliferation of Glands of the Urinary 

Simulating Malignant Neoplasm, J. Urol. 48:257-265 (Sept.) 1942. . j Eiftv 

42. Prentiss, R. J. : Vesical Calculus: Clinical Study Based on Two 7 .^, 54.571 

Cystolithotripsies and One Hundred and Thirty-Two Cvstolithotomies, J. Urol. 

(May) 1942. 
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eliminated most o{ the technical contraindications to lithotripsy and also all objec- 
tions that the operation docs not remove the associated obstructive causative 
factors of stone. The much reduced hospital slay and mortality rate, as well as 
the ease with which associated local conditions can be treated by means of the 
transurethral operation as compared with open attack on vesical calculus, justifies 
the readoption of the transurethral procedure as a proved, conservative method, 
Prentiss said. 

Garcia reported a case in which a man had a vesical calculus that had formed 
around a silk suture which had been placed in the wall of the bladder eight months 
pre\'iously, at the time of an operation, performed by another surgeon, for repair 
of inguinal hernia on the right. The patient described, with precise details, the 
placing of an indwelling urethral catheter at the close of the aforesaid operation, 
and the appearance of chills and fever in the days following, with pain in the 

h}-pogastrium and frequency of urgency to urinate, despite the presence of the 

catheter. Intense hematuria had been present for a week. At the end of two 

weeks, the signs of infection had disappeared, the pain had diminished and the 

urine was normal in appearance. The patient said he had been discharged after 
four weeks in the hospital, but micturition had not been normal since that time. 
Persistent pollalduria with burning and tenesmus had been present since his dis- 
charge from the hospital. A plain roentgenogram of the bladder disclosed an oval 
shadow characteristic of a vesical calculus. When lithotripsy was attempted, it 
became apparent that the calculus was attached to the posterosuperior wall of the 
bladder, and this attachment made it difficult to grasp the stone. An attempt at 
traction produced hemorrhage, which prevented further endoscopic inter\'ention. 
On the fourth day, the left epididymis became inflamed and a small abscess was 
found to require drainage. Two weeks later the calculus was removed from the 
bladder by cystotomy. It was found to be fixed to the right lateral wall of the 
bladder by a filiform pedicle. On extraction the stone was found to be 5 cm. in 
length; it closely resembled a snail, and was composed of three calcidous masses, 
each distinct from the other and movable but all united by a flexible axis, along 
which the)" were strung. This axis, protruding at one end, was nothing other than 
the fragment of silk which had been placed, in a continuous suture, in tlie wall 
of the bladder to close a wound inflicted accidentally during hemiorrhaph)" eight 
months previously. That the suture was continuous could be shown clearly by 
the t}"pe of its uncovered terminus, the entire axis being more than 7 cm. in length. 
Garcia expressed the opinion that the case shows the untoward results that may 
follow the use of a nonabsorbable suture in a wound of the bladder and also the 
danger involved in the placing of a continuous suture in this structure. But 
whether a continuous suture is used or separate sutures are chosen, the outstanding 
lesson is that absorbable material should be employed. Otherwise, there is danger 
that the suture may serve as a foreign body around which, as a nucleus, mineral 
salts may collect. 


Rupture . — Culp ** discussed the treatment of ruptured bladder and urethra, 
rle reviewed 86 cases of extravasation of urine, and made the therapeutic recom- 
mendations which follow. 

Retrograde cystograms should be made in all cases in which rupture of the 
bladder is suspected and the correct diagnosis is not obrious. Physical obserr^ations 


43. Garcia, A. E, : Calculo vesical secundario a la sutura de la 
‘ eabsorbible, Rev. argent, de urol. 10:709-716 (Nov.-Dee.) 1941. 

4-,. Culp_ o. S.; Treatment of Ruptured Bladder and Urethra: 
ascs 01 Urinarj- Extra^•asation, J. Urol. 48:266-286 (Sept.) 1942. ' 
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alone ma)^ be disastrously misleading. Prompt operation, preferably carried out 
within two hours of the onset of extravasation, is imperative. Drainage by urethral 
catheter alone did not suffice to produce recovery for any patient who had the 
condition under consideration. (Dperation should consist of routine exploration 
of the peritoneal cavity, cystostomy and drainage of the perivesical tissues to as 
far as the base of the bladder. Culp said that the most common cause of death is 
peritonitis for which surgical exploration is not carried out. Retroperitoneal 
extravasation of urine was encountered frequently, but in such cases it was rarely 
possible to establish adequate drainage. The defect in the wall of the bladder 
should be repaired if possible, but this is not essential. The peritoneal cavity can 
be closed without the establishment of drainage after the evacuation of extravasated 
fluid, but drainage through stab wounds is the safer procedure. Rupture of the 
posterior urethra must be suspected in all cases of fracture of the pelvis. Complete 
divisic.n of the urethra at the prostatic apex is the most common type of injury. 
Cystourethrograms should be made in all cases in which the diagnosis is doubtful. 
Suprapubic drainage (established within four hours, if possible) should be routine. 
Retroperitoneal extravasation in which drainage was inadequate was the most 
common cause of death. Perineal anastomosis of the urethra or retrograde 


catheterization facilitates recovery. Culp said that urethral strictures must be 
dilated with care. In his series such instrumentation was responsible for most 
perforations of the anterior portion of the urethra. It is safer to use filiform 
bougies and followers than it is to use sounds. The contents of all periurethral 
abscesses should be drained, in view of the incidence of inflammatory perforation 
and subsequent extravasation of urine. Extensive drainage of regions in which 
extravasation has occurred and provision for adequate drainage of urine should 
be established within twenty-four hours of the onset of extravasation. Traumatic 
and inflammatory perforations present the same surgical problems. Perineal 
urethrotomy and suprapubic cystostomy (with or without retrograde catheterization 
of the urethra) are most valuable. Combined injury to the anterior and posterior 
portions of the urethra should be suspected in all cases of perforation near the 
triangular ligament. Suprapubic drainage should be instituted if any doubt arises 
as to pelvic involvement. Sulfonamide compounds should be administered oraly 
and locally to all patients who can tolerate these drugs. Fluids should be adminis- 
tered intravenously in liberal quantities (judiciously) to combat or to prevent 
uremia and acidosis, which frequently complicate extravasation of urine. 


. CONGENITAL OBSTRUCTION OF THE NECK OF THE BLADDER 

Thompson,^® in discussing urinary obstruction of the vesical neck and posteiior 
portion of the urethra of congenital origin, stated that the symptoms arising from 
congenital malformation of the vesical neck or posterior urethra seldom 
apparent at birth. The onset of obstruction is insidious, and gross distention o 
the bladder does not appear early in the course of the disease. The urologist 
suspect the presence of the condition while the amount of retained urine is s i 
small. Renal insufficiency is a late manifestation. Recurring episodes of infec ion 
of the urinary tract should excite .suspicion. Urographic evidence of obstriK lO 
will help to establish the diagnosis while renal function is still adequate. 
valuable glomeruli can be preserved. Thompson said : 

The deformity usually noted on cystoscopy is some condition other than valvular 
The obstruction may be slight and the cystoscopist should look for the effects of obs r > 

45. Thompson, G. J. ; Urinary Obstruction of the Vesical Neck and Posterior Ure 
of Congenital Origin, J. Urol. 47:591-601 (May) 1942. 
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such as trabcculnlion of the wall of the bladder, urctcropyclcctasis and the like, rather than 
extreme deformity of tlic vesical neck or of tlic posterior tircthra. Excision or destruction 
of what seems to be a minimal amount of tissue often will pr<xiucc amazing results. 

The postoperative treatment of infection is of paramount importance. Tlie 
accumulation of residual urine cannot always be immediately abolished ; great 
improvement in the tone of the detrusor muscle gradttally will develop. It is best 
not to reoperate in anv case until after edema incidental to operation has subsided. 
Catheterization during this period is sometimes necessary. Chemotherapy employed 
intermittently for a number of months postoperatively is best. Great improvement 
in tlie general health of the patient, restoration of normal urination and complete 
elimination of infection arc possible when renal function has not been long impaired. 
Children affected by the condition arc not always condemned to an early death, as 
has been alleged by some. 

PROSTATE GLAXD 

Hypertrophy . — In another report Thompson stated that transurethral 
prostatic resection is superior to other types of surgical treatment of the prostate 
gland. Recent developments in the resectoscope and better training of surgeons, 
he said, have eliminated objections to this method. In fact, so-called total 
prostatectomy can be more nearly accurately and effectively carried out through tire 
urethra than b}- any other approach or means, with far fewer complications and 
a much lower mortality rate. Thompson reported on a series of 1,000 patients 
with various types of prostatic obstruction who were operated on by this metliod 
at the i\Ia 3'0 Clinic in 1939. In 40 cases two operations instead of one were 
necessarj'. Only 3.4 per cent of the 1,000 patients were less than 50 years of age, 
the average age being about 70 3 -ears. Heart disease was found in 22.8 per cent 
of the cases and Iwpertension in 28 per cent. Renal insufficiency was present in 
about a fourth of tlie cases. In 69.4 per cent of the cases the patient’s postoperative 
temperature did not exceed 100 F. (37.7 C.). From the average patient w-ho 
presented the ordinarv' t 3 'pe of prostatic enlargement the amount of tissue removed 
was 34.9 Gra. Thompson stated that the postoperative hospital sta 3 ’ is decidedly' 
shorter than that required after other types of prostatic surgery^ have been carried 
out, and that complications occur infrequently'. Of the 1,000 patients concerned, 
only 9 died; thus the mortality' rate was less than 1 per cent. 

Owens compared the results of perineal prostatectomy and transurethral 
resection. He declared that the value of the transurethral method of prostatic 
surgery is now generally' accepted. It has offered, he said, the first real challenge 
to the perineal approach for honors in the field of low mortality rates in surgical 
treatment of the prostate gland. The mortality' record for perineal prostatectomy, 
when the operation has been properly' done, has alway's been enviable; likewise, 
the late results of this operation have been excellent; but in the day's when open 
operation was tlie only choice too msmy patients delayed their coming to the surgeon 
until their tissues were beyond recovery', even though the most skilful care might 
have been available. Owens said tliat thanks to transurethral resection the patient’s 
fear of seeking relief has been removed, and, now that patients do come to the 
surgeon earlier than before, the type of care most suitable to their indi-vidual 
condition can be given them. 

1941^ Thompson, G. J.: Transurethral Prostatectomy, Urol. & Cutan. Rev. 45:755-757 (Dec.) 

_ 4/. Owens, C. A.: Perineal Prostatectomy and Transurethral Resection: A Comparison 
ot Results, J. Urol. 47:366-371 (March) 1942, 
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Thompson discussed the subject of the patient with disease of tiie prostate 
who has marked renal insufficiency and in whom the content of urea in the blood 
is well over 100 mg. per hundred cubic centimeters. Such patients, he said, arrive 
with a greatly distended bladder but are still able to void. For this reason the 
bladder has not been drained previously, and in some instances the patient is 
unaware of the hugely distended bladder. Many times symptoms unrelated to 
the urinary tract cause them to seek medical attention. Often secondary anemia, 
weakness, drowsiness and vomiting are the presenting symptoms rather than 
difficulty arising from the urinary system. Thompson stated that in examination 
of such a patient the less trauma inflicted on the bladder and prostate gland the 
better, and said that he avoids making cystourethrograms or carr}'ing out 
cystoscopy or retrograde pyelography. As a rule, a soft rubber catheter is used 
to drain the bladder; usually an inlying catheter or catheterization every six or 
eight hours constitutes a better method of treatment. The great majority of 
patients, however, can tolerate an inlying catheter, and such is the type of drainage 
employed until the output of urine is on the increase and there is great general 
physical improvement. 

One patient with prostatic obstruction had a value for blood urea on admission 
of 410 mg. per hundred cubic centimeters. After two weeks of drainage by catheter, 
and with an output of urine of 3,500 to 4,000 cc. daily, the value for urea was still 
160 mg. per hundred cubic centimeters. At this time transurethral prostatic resec- 
tion was done, and 45 Gm. of tissue was removed in the usual manner. The patient’s 
subsequent convalescence was smooth, and he left the hospital on the tenth post- 
operative day, at which time the value for blood urea had decreased to about 100 mg. 
per hundred cubic centimeters. 


Thompson said he has not employed suprapubic cystostomy in these cases 
because in his opinion carefully managed drainage by urethral catheter can be carried 
on with less hazard to the patient than the aforementioned operation. In. some 
cases secondary anemia is so advanced that it is necessary to transfuse blood before 
operation. He does not routinely employ any preoperative medication. If sulfon- 
amide compounds are used they must be administered cautiously, for when renal 
function is greatly reduced the concentration of the drug in the blood usually 
increases rapidly. Thompson expressed the belief that the best type of anesthesia 
as a rule is low spinal anesthesia. However, in some instances in which the anemia 
has been extreme he has employed instead intravenous anesthesia produced with 
pentothal sodium. Drainage by catheter for five or six days postoperatively has been 
deemed wise. Because of the flaccidity of the bladder in these cases, it has been his 
rule to catheterize the patient six hours after the inlying catheter has been removed. 
In general, no matter how complete resection may be, retention of varying degrees is 
present for a number of days after removal of the catheter. For instance, a patient 
who had retained 5,400 cc. of urine had no desire to void for the first six or seven 
hours after the catheter had been removed. Finally, he voided a very satisfactory 
stream, but catheterization disclosed 600 cc. of retained urine. In the subsequent 
week the amount of retained urine gradually diminished to less than 60 cc.^ Shortly 
before publication of this report, Thompson received a letter from the patient s son 
(a physician), in which it was stated that the patient had no retention and that tie 


urine was crystal clear. 

The mortality rate in cases of this type is approximately the same as in cases in 
which an average condition is encountered. Thompson discussed the decrease 


48. Tliompson, G. J. ; Prostatic Hypertrophy with Marked Renal Insufficiency, Urologists 
Correspondence Club, Oct. 26, 1942. 
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in blood urea after transurethral removal of the prostate gland. In several patients 
the value for blood urea remained at from SO to 90 mg. per hundred cubic centi- 
meters even after six months’ drainage by suprapubic cystostomy. However, when 
the prostate gland was enucleated, the value for urea immediately decreased to a 
value well below that which had obtained even with perfect drainage through the 
cystostomy tube. Probably the best explanation for this is that any type of artificial 
drainage is inferior to natural drainage. 

Russ presented 2 cases of prostatic obstruction in which the symptoms v.-ere 
predominantly gastrointestinal. He emphasized the fact that many lesions of the 
genitourinar}' tract may cause gastrointestinal symptoms which often lead to a 
delayed or an erroneous diagnosis. Thompson, in discussing these cases, stated 
that when the physician is confronted by an elderly man with bizarre symptoms he 
should alwa 3 's think of the possibility of urinary retention and resort to catheteriza- 
tion on the slightest indication. 


PROSTATIC RESECTION FOR PATIENTS WITH TABES DORSALIS 


Emmett and Beare stated that bladder difficulties of tabetic patients are poorly 
understood. They reviewed the records of 419 patients who complained of such 
difficulties. Among males, aside from incontinence and the inabiliu- to detennine 
when the bladder was full, the symptoms were similar to those caused bj- uncom- 
plicated obstruction of the vesical neck. After studying the amount of residual urine 
in the bladder, Emmett and Beare concluded that in not more than 50 per cent of 
cases could the incontinence be attributed to overflow. Relaxation of the vesical 
neck was more common among the patients who had urinarj’ incontinence, but ^\■^th 
tliis single exception, the cystoscope disclosed nothing in their condition that was 
different from the condition of other patients in this group. Ten per cent of the 
males who had urinarj- difficulties underwent transurethral prostatic resection. Ten 
grams or less of tissue was removed in two tliirds of the cases. The results of 
operation were ver}' gratifying. No patients were made worse by the operation. 
Of 13 patients who had urinarj- incontinence prior to surgical operation, 11 were 
completefy relieved of this condition. There are no clinical data which show that the 
external vesical sphincter itself is responsible for the difficulty. Emmett and Beare 
expressed tire opinion that obstruction of the vesical neck, however slight, ma\- 
produce disability among tabetic patients, whereas the same degree of obstruction 
may not cause any disability among patients who do not have tabes. 

Carcinoma . — Belt reported on 50 cases in which radical perineal prostatectomy 
had been done for early carcinoma of the prostate gland. In this group of 50 cases 
there were 2 postoperative deaths. In 19 of the 50 cases death occurred at a time 
remote from the time of operation and was caused by metastasis and b}" local recur- 
rence of the neoplasm. In these 19 cases the extent of the disease was not recog- 
nized, because extension beyond the reach of surgical inten-ention must have 
occurred prior to 'the date of operation. Two of the 19 patients lived longer than 
Eve years; 2 more lived longer than four years; 2 lived longer than three years; 
and 4 lived longer than two years. Only 2 of these patients had stoppage of the 
urine before their deatli. In a second group, 19 patients were living at the time of 
Belt’s report and exhibited no clinical or laboratoiy- evidence of the existence of 


49. Russ, F. H.: Urinar\- Obstruction and Gastro-Intestinal Snnptoms; Report of Two 
c-ases, Proc. Staff Meet., Mayo Oin. 17:257-260 (.-Kpril 29) 1942. 

T> EmmeU, J. L., and Beare, J. B.: Bladder DifEculties of Tabetic Patients, with Soecial 
eierence to Treatment by Transurethral Resection, J. .-Si. M. A. 117:1930-1934 (Dec. 6)‘l941. 

T tVAi Prostatectomy for Early Carcinoma of the Prostate. 
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cancer. One of these patients had survived for more than fourteen years, another 
for more than thirteen years, another for longer than ten years, anotiicr longer than 
seven 3 fears and still another for longer than six years. Six patients had lived longer 
than five years; 1 had lived longer than four years and another longer than three 
years, at the time of Belt’s report. Four patients were operated on more than two 
years prior to the time of Belt’s report and 2 were operated on within two years 
before the time of the report. In the entire group of 50 patients, 10 had died in the 
years since operation from causes other than cancer of the prostate gland. When 
the procedure of radical perineal prostatectomy, as described by Belt, is employed, 
the patient is placed in the extreme lithotomy position. Antiseptic surgical prepara- 
tion and draping include the fastening of a strip of rubber dam to the patient’s skin 
with clips. This procedure excludes the anus from the surgical field. The curving 
line of incision is 1.5 cm. from the mucocutaneous juncture. The cut edge of the 
skin is pulled down, so that the fibers of the median raphe are stretched. These are 
cut, and the red, circular external rectal sphincter is easily pushed upward, away 
from the shining, white, longitudinal fibers of the rectum. The levator ani muscles 
are separated from one another in the midline. They arc pushed laterally far enough 
to reveal the whole posterior aspect of the prostate gland. The vertical fibers of the 
rectum are depressed below the lower margin of the prostate gland. The lateral 
aspect of the prostate gland is separated from its bed by blunt dissection. The 
bundle of vessels which enter it at each lateral inferior border is isolated, ligated and 
cut between ligatures. A thin, tough veil of fascia which covers the seminal 
vesicles is incised transversely across the base of the prostate gland, so that the 
vesicles and ampullae which bulge beneath it are exposed. Seminal vesicles and 
ampullae are then bluntly dissected from their beds. The large blood vessel which 
enters each seminal vesicle at its apex is carefully ligated. A long strip of vas is 
dissected from the retrovesical tissues, to be removed with the specimen. Next, the 
apex of the prostate gland itself is approached. The gland is cut across, so that a 
collar of prostatic tissue remains attached to the membranous urethra, %vhere circular 
muscular fibers encircle the canal. These fibers and the membranous urethra are 
carefully left undisturbed during the dissection. Dissection is carried forwar 
between the anterior aspect of the prostatic capsule and in the rich plexus of veins 
which clings to it. The prostate gland now remains attached to the bladder by t^^ 
mucosa at the neck of the bladder. This tube of mucosa is cut across with scissois, 
and the prostate gland, with capsule, both seminal vesicles, both ampullae and a long 
section of each vas, is lifted from the wound. The urethra and neck of the bi^'^er 
are anastomosed. The urethral catheter is then inserted into the bladder. 
tube of mucosa which forms the neck of the bladder and the tube of urethral mucosa 
formerly situated at the apex of the prostate gland approximate one another aroun 
this portion of the urethra. The thin fascial layer which covered the seminal vesic es 
and was incised transversely over them is now lifted up and stitched to the adven i^n^ 
which envelops the membranous urethra ; next, the levator ani muscles are broug ^ 
together with interrupted stitches. The edge of the rectal sphincter is brought m^^ 
contact with the median raphe by means of a circular stitch. A slender tu e ^ 
rubber dam is passed down to the posterior aspect of the bladder. The skin is c ° 
with a running subcuticular stitch. The rubber drain is removed within twenty- o 
hours ; the catheter, within seven days. 

Ravich discussed the relationship of circumcision to cancer of the 
gland. He said that in a survey of prostatic operations performed by him ro 

52. Ravich, A.; The Relationship of Circumcision to Cancer of the Prostate, J. Uro 
48:298-299 (Sept.) 1942. 
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1930 to 1936 at the Jewish, Israel Zion and Betli El hospitals in Brooklyn, and 
from 1935 to the date of his report at the Adelphi Hospital, on patients whose ethnic 
status was readilv available to him, the following data were obtained : ( 1 ) Of the 
total number of patients who had prostatic obstruction, 76S were Jews and 75 were 
non-Jews; (2) of the total number who had benign hypertrophy of the prostate 
gland, 755 were Jews and 60 were non-Jews: (3) of the total number of those who 
had a malignant process of the prostate gland. 13 were Jews and 15 were non-Jews. 
The incidence of cancer of the prostate gland among Jews was 1.7 per cent; among 
non-Jews it was 20 per cent. He expressed the opinion that such a striking differ- 
ence in the same community is conclusive. Since morphologically Jews and non- 
Jews are alike, Ravich deduced that the circumcision of male Jews in infancy renders 
them relatively immune from cancer of the prostate gland in their old age. Cancer 
of the penis, which is said to occur exclusively among uncircumcised males, is 
apparently a l 3 -mph-borne disease originating from the irritating secretions that 
accumulate under the foreskin. In cancer of the prostate gland, however, this route 
ma}- or ma}- not be the one involved. Ravich stated his belief that it is entirely 
conceivable that the process may have as a basis some parasitic, viral or other 
carcinogenic agent that infests or involves the urethra and migrates along the lumen 
of this structure into the prostate gland in somewhat the same manner as that in 
which gonorrheal prostatitis so often complicates gonorrheal urethritis. Ravich 
said that another interesting observation had been made by the late Dr. John 
Osborne Polak, formerly professor of gjmecologj^ and obstetrics at the Long Island 
College of Medicine: that cancer of the cervix was found rarely among his Jewish 
patients, although it was rather common among non-Jews. This obser\*ation 
recently was substantiated by Frank R. Smith, in a study of cenucal carcinoma 
made in the gynecologic service of a hospital. Such being the case, RaHch con- 
sidered it conceivable that the disease is transmitted by direct contact to the wives of 
uncircumcised men during coitus. 

Kahle, Ogden and Getzoff reported 7 cases of adenocarcinoma of the prostate 
gland, in 6 of which the lesion was proved b}- biops}'. The patients had been treated 
during the two j-ears prior to the time of this report with diethjdstilbestrol or diethyl- 
stilbestrol dipropionate. To all the patients treated, this method of therapy brought 
prompt relief of pain and urinary symptoms and a general improvement in health. 
Two bedridden patients were restored to acti-vity within four and six weeks, respec- 
tively, after the institution of treatment. Clinical improvement was assodated in all 
instances with regression of the malignant lesion. At the time of the patients’ last 
examination all the glands had lost their malignant characteristics, and the authors 
said it would have been impossible at that time to arrive at a diagnosis of carcinoma 
on tlie basis of rectal palpation. Clinical improvement was also assodated with 
regression of metastatic lesions to the bones in the only case in which the making of 
serial roentgenologic obsen-ations was possible, and with regression of metastasis 
to the lymph nodes in the 2 patients who exhibited such lesions. Reduction in the 
size and alteration of the consistency of the primar}' neoplastic lesions, as well as 
reduction in the metastatic lesions, could be correlated readily with the marked 
retrogressive tissue changes observed in histologic study of spedmens secured for 
biopsy after treatment. 

D-> •I'"- Getzoft, P. L.: The Effect of Diethvlstilbestrol 
viu,, T Dipropjonate on Carcinoma of the Prostate Gland: I. Clinical Ob^er- 
' Elions, J. Urol. 48:83-98 (July) 1942. 
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tender testicle, associated with chills and fever, constitutes the indication for surgical 
intervention. Nitrous oxide and oxygen are the anesthetic agent of choice. An 
increase in temperature after operation signifies an invasion of some other organ 
by the virus. 

Epididymilis . — Lich prepared a local anesthetic agent in oil with nupercaine 
hydrochloride, which has anesthetizing properties of several days’ duration. It 
induced an insignificant amount of cellular response when it was injected into the 
subcutaneous tissues of a dog. In a series of 147 cases this anesthetic agent in oil 
injected into the sheath of the vas promptly stopped the pain of acute epididymitis. 
The usual treatment for the primary cause of acute epididymitis is essential, since 
the injection therapy is but a symptomatic measure. 

Tumors of the Spermatic Cord. — Prince"® reported a case of angioendothelioma 
of the spermatic cord. Tumors occurring in the spermatic cord are rare. This 
ease brings the total number of reported cases up to approximately 75. The patient 
was a man 63 years old who complained of swelling in the scrotum which he had 
first noticed about fourteen months previously. The testis on this side was found 
to be in the most dependent part of the sac and was normal except that from its 
upper pole there arose a firm, nodular, rounded mass 5 cm. in diameter. The testicle 
and tumor were removed. A diagnosis of “angioendothelioma of the spennatic cord 
with extension to the connective tissue of the cord at point of its division” was made. 


PEXIS 


Anomaly . — Cochrane and Saunders reported a case of duplication of the penis 
with an imperforate anus. Duplication of the penis or diphallus is a ver}- rare 
anomal 3 ^ The baby was normal in everv- respect except for the genitalia and an 
imperforate anus. The penis was a well developed but unusual-looking organ with 
a. double glans and a circumference of 3 inches (about 8 cm.) at the shaft. The right 
glans was the larger. Its length from the meatus to the corona was inch 
(1.59 cm.) ; its circumference, 2 inches (2.5 cm.). The smaller glans was ^ inch 
(0.95 cm.) long and its circumference inches (about 3 cm.). The scrotum was 
well developed, and the testes were normal and completely descended. The scrotal 
circumference was 5)4 inches (about 14 cm.). There was a somewhat redundant 
prepuce on the left which partly covered the glans on that side. The prepuce on the 
right was poorly developed. A frenum was demonstrable on both the right and 
the left side of the glans. Exploration of the urethra was carried out with no. 5 F. 
ureteral lead catheters. The catheter introduced in the meatus of the left or smaller 
glans was inserted into the bladder without difficulty. Two dracluns (7.5 cc.) of 
clear amber urine was obtained. The catheter in the right urethra was arrested 
after it had been passed for 1 inch (2.5 cm.). A roentgenogram made at this stage 
with the catheters in situ seemed to indicate that the right urethra was blind and 
that it had no connection with the bladder. It was later obsen-ed that while normal 
urination occurred through the left meatus 4 or 5 drops were passed from the right 
during the act of micturition. Later the bowel was opened. A month after opera- 
tion the baby was progressing favorably. 


47T96Y9s ’(F’b^)^'l94'z*^^ Treatment of Acute Epididymitis with Nupercaine in Oil, T. Urol. 

C. L. : Malignant Tumors of the Spermatic Cord ; A Brief ReUew with Pre- 
ion of a Case of Angio-Endothelioma, J. Urol. 47:793-799 (June) 1942. 

c;^l^‘ Saunders, R. L. de C. H. : A Rare Anomalv of the Penis Asso- 
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McCrea reported a case of congenital absence of the penis. Congenital absence 
of the penis, like diphalliis, is an exceedingly rare anomaly. Only approximately 
10 authenticated cases have been previously reported, McCrca’s patient was a youth 
19 years old. Examination of the genitalia revealed that the penis was totally 
absent. The scrotum was normally placed. It presented a somewhat bifid contour. 
The testicles were of normal size ; the right one was situated slightly lower than the 
left one. The distribution of the pubic hair was typically masculine. Results of 
examination of the perineum revealed nothing abnormal except a small elevation 
about 1 cm. in front of the anterior anal margin. This elevation was soft and 
pliable; through this eminence urination was accomplished. The patient had com- 
plete urinary control. Rectal examination revealed a prostate gland that was normal 
in contour and size. However, at the anal margin a distinct tubular structure 
could be palpated ; this structure was considered to be the urethra, since it could be 
distinctly traced to the eminence on the perineum. 

URINARY ANTISEPTIC AGENTS 

Cook®- reviewed recent advances in the chemotherapy of infections of the 
urinary tract. Mandelic acid is effective if the urine contains at least 0.5 per cent 
of the drug at a pn of less than 5.5. Gram-negative bacilli and Streptococcus 
faecalis can be destroyed when these conditions are satisfied. Sulfanilamide, 

azosulfamide (disodium 4-sulfamidophenyl-2'azo-7'-acetylamino-l'-hydroxynaph- 

thalene-3',6'-disulfonate), sulfapyridine and sulfathiazole are effective against the 
usual gram-negative bacilli and beta hemolytic streptococci. Since sulfonamide 
compounds are more effective in alkaline mediums, they have been useful in 
combating organisms which split urea, notabl}'- bacilli of the Proteus type. 
Sulfapyridine is of some value in destroying staph 3 dococci and micrococci, but 
sulfathiazole is the most effective compound in this group. When Str. faecalis is 
present, mandelic acid is the drug of choice. More than 90 per cent of patients 
who have uncomplicated infections of the urinary tract can be treated effectively 
with these drugs, provided there is no cicatricial deformity in the kidney, or other 
complication. Any stone, tumor, foreign body or obstructive formation must be 
removed before chemotherapy can be used effectively. Likewise, chronic prostatitis 
must be dealt with by other means if a coexisting infection of the urinary tract 
is to be relieved by chemotherapy. If the kidney is, poorly functioning, azosulfamide 
can be administered with the least danger, and mandelic acid should not be given. 
Sulfonamide compounds usually are administered orally in four divided doses 
amounting to 40 to 60 grains (2.6 to 4 Gm.) daily for periods varying from eight 
to fourteen days. Close observation of patients receiving sulfonamide compounds 
is necessary for the detection of any toxic manifestations. If treatment is not 
effective after two or three courses of chemotherapy, complete urologic study is 
indicated. 

Helmholz found that sulfathiazole is bactericidal for Escherichia coli in 
concentrations lower than those which are bactericidal for any of the othei 
organisms commonly found in the urinary tract, and that sulfathiazole acts thera- 
peutically in doses ranging from 0.75 to 1.0 Gm. (about 12 to 15 grains) per day 
in an average instance. It is Helmholz' opinion that the administration of sulfa- 

61. McCrea. L. E.: Congenital Absence of the Penis, J. Urol. 47:818-823 (June) 1942. 
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thidzole in doses ot 0.13 Gm. (2 grains) five times a day will prevent the bacterial 
infections commonly associated with postoperative catheterisation. When this 
dosage is used and when the output of urine is 1. 000 cc. per day, it is possible to 
provide a concentration of the drug in the urine of between 20 and 30 mg. per 
hundred cubic centimeters. 


Helmholz gave directions for the clinical administration of methenamine. 
mandelic acid, sulfanilamide and snlfathiazolc as indicated by recent developments 
in chemotherapy in the treatment of infections of the urinary tract. In the presence 
of badly damaged kidneys, snlfathiazolc in doses of as little as 1 grain (0.065 Gm.) 
a day has brought about striking effects in the appearance of the urine. Because 
of the inhibitor)- effect of small doses of snlfathiazolc on nearly all tv-pes of 
organisms, with the notable e.\ception of Str. faecalis, Helmholz suggested that this 
compound be used as a prophylactic agent against postoperative infections of the 
urinaiy tract. He pointed out that snlfathiazolc may be effective against Str. 
faecalis at concentrations of less than 30 mg. per hundred cubic centimeters of urine, 
pror-ided tlie pn is 5.5 or less. 


Strom and Thompson administered sulfathiazole prophylactically to 100 
consecutive patients who had undergone transurethral prostatic resection, and 
compared the clinical response of the patients to the response of a similar number 
of patients who did not receive sulfathiazole, Sulfathiazole administered prophyl- 
actically (7j4 grains or 0.48 Gm.) four times daily was found to lessen the 
postoperative febrile reaction and the number of complications. The autliors urge 
caution in the use of sulfathiazole among elderly patients because of the potential 
danger of toxic reactions. 

Rettino and La Rotonda reported a case in which death followed the adminis- 
tration of sulfadiazine for pneumonia. A total of 61 Gm. of sulfadiazine was 
administered during a period of eleven days, but a value for tlie drug in tire blood 
of 20.7 and 23 mg. per hundred cubic centimeters was maintained. After this tire 
patient complained of dysuria, and the urine contained erj-throertes and sulfadiazine 
crj'stals. On the first examination the urine had been clear. The patient died 
rather suddenly after trvo days of abdominal distention. Botlr kidneys were found 
to be large and congested, and the microscopic examination disclosed numerous 
cr)'stals. Study of fire kidne)-s disclosed changes in the excretor}- and secretor)- 
tubules and glomeruli. Alost excretor)'^ tubules were dilated, some to such an 
extent that tirey had herniated and ruptured through the perirenal capsule covering 
the hilar surface of the kidney. Within tlreir lumens was found a variety of 
substances: polymorphonuclear leukoc)i;es, coagula and cry^stals. Polymorpho- 
nuclear leukoc 3 ’tes were found in large numbers in some tubules. Crr-stals were 
best demonstrated in sections prepared b}' frozen section. They appeared large and 
shaped. Glomeruli were numerous and large, hlany were ischemic, although 
thrir capillaries appeared to be widely dilated. Epithelial and endothelial cells 
seemed well preser\-ed, swollen but not h)-perplastic. An occasional glomerular 
eapillary was adiierent to Bowman’s capsule. 


^®^niholz, H. F. : Recent Developments in the Treatment of Urinarj- Infections. South- 
western Med. 25:286-289 (Sept) 1941. 

FnU^' W., and Thompson, G. J. : The Effect of Sulfathiazole on Febrile Reactions 

(Apririty Prostatic Resection, Proc. Staff Meet, Mayo Clin. 17:241-256 

La Rotonda, O.: A Fatal Human Case of Urolithiasis Medicamentosa 
'-•aused by Sulfadiazine, J. Urol. 48:310-317 (Sept.) 1942. 
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introduced into the vein in the arm. Admini.^tration of a 2.5 per cent solution of 
pentothal sodium is then begun ; the solution is administered slowly. Usually, the 
patient states that he is sleepy after from 6 to 10 cc. of the anesthetic agent has 
been administered. \\’hen the patient says he is very sleep_v, the e.xamining 
physician replies: “I am now going to pass an instrument which you will feel. It 
will not hurt you. You arc to remain quiet and rcla.x'cd while I am carrying out 
this examination." So saying, the examining physician passes the instrument and 
conducts the examination. The anesthetist continues to administer small amounts 
ot the anesthetic agent as required during the c.\amination in order to keep the 
patient entirely cooperative. .\t the end of the examination, when instruments 
have been removed, administration of the anesthetic agent is stopped and within 
a tew seconds’ time the patient is conscious and entirely willing and able to 
cooperate with any instruction which is given. 

TUBKRCULOCS BACILLL'RIA 

Ordway and Medlar discussed tuberculous bacilluria. They accumulated 
data over a ten year period on the presence of iMycobacterium tuberculosis in the 
unvie of clinically tuberculous and nontuberculous patients. Results of a total of 
l!074 inoculations of guinea pigs, with sediments from twenh'-four hour specimens 
of urine obtained from 2S7 tuberculous patients and 112 nontuberculous patients, 
have been recorded. Of the tuberculous patients, 22 (7.7 per cent) had urine 
which contained I^Iyco. tuberculosis. Of these, 17 (77 per cent) had no clinical 
sj^mptoms suggestive of renal tuberculosis. Leukocytes and erj'throcytes in 
unnar}' sediment do not necessarily indicate the presence of M 3 ’co. tuberculosis. 
The presence of this organism in tlie urine does not indicate tliat progressive renal 
tuberculosis will inevitabl}' follow. Surgical interv’ention should therefore be 
delayed until such a time as progressive renal destruction has been proved. 

Hyco. tuberculosis is not commonly found in the urine, even in cases of far 
advanced pulmonar}' tuberculosis, and can be demonstrated repeated!}' in some cases 
m which tuberculous infection has not been suspected. 

hematuria 

Cahill •= presented a review of the various diagnoses arrived at in a urologic 
sennee and the occurrence of hematuria as a s}Tnptom among the conditions 
diagnosed. Cahill’s figures show that hematuria is a serious s}-mptom, and that 
in the majorit}- of cases it is associated with some serious lesion, such as tumor, 
infection or calculus. A study of 89 cases in which the cause of hematuria was 
not apparent after a first investigation indicated tliat sooner or later reinvestigation 
s o^\ed a cause for the hematuria to be present in 55 of these cases. There is also 
n ^oup of cases of so-called essential hematuria in which various pathologic lesions 
'w - be found or no pathologic lesions at all will be found. 

URIX.ARY CONCRETION 

Posey ‘3 described certain lesions of the renal papillae resembling the calcium 
arct- These lesions were found in 66 instances in 340 consecutive necropsies, 
o ? pf infants less than 3 weeks of age, stillborn babies and subjects on whom 
. 3 partia l necropsy had been carried out. In 39, or 59 per cent, of the cases 

T A^\9’^‘^way, }V. H., and J^Iedlar, E. M.: Tuberculous Bacilluria: A Ten Year Studv, 

7 -, r 119:937-942 (July 18) 1942. 

-T G. F. ; Hematuria; Its Clinical Significance, J. Urol. 47:224-234 (March) 1942. 

T T:L, /J?-’ !'• Urinarv- Concretions: II. A Studj- of the Priman- Calculous Lesions, 
J- Urol. 48:300-309 (Sept.) 1942. 
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in which papillary lesions were present there were grossly recognizable stones and 
in only 6 of these cases had the patient ever had symptoms of calculous disease. 
The papillary lesion was observed in renal pyramids when phosphate, oxalate or 
urate stones were present. The papillary lesions probably precede actual clinical 
calculous disease, and other factors, such as stasis, infection and avitaminosis, may 
contribute to the development of calculi so formed. The condition appears to be 
primary vascular degeneration, which is probably different from ordinary athero- 
sclerosis, since it may be present in the absence of recognizable atherosclerosis. 
It is suggested that the vascular degeneration seen in the primary calculous lesion 
of the renal papilla may be related to hyperexcretion of an insoluble urinarj' salt. 

Balch^* stated that the development of urinary calculi during pregnancy is 
rare, only 3 instances of such calculi being found in 36,101 deliveries. Three cases 
are reported ; in 2 the calculi were renal and in 1 they were ureteral. The most 
likely reason for such a low incidence is pelvic and ureteral dilatation, which allows 
free passage of any formations of crystals. Ureteral atony which occurs during 
pregnancy no doubt is the reason for the fact that ureteral colic is so rare. Renal 
and ureteral operations seldom cause miscarriages, nor do they cause a greater 
mortality rate among gravid rvomen than they do among nongravid women. Preg- 
nancy at any stage does not increase the technical difficulties of removal of stones 
in the kidney or upper half of the ureter, but it is practically impossible to carr}' 
out surgical treatment of the lower part of the ureter during the last trimester. 
Cystoscopic manipulation of ureteral calculi during pregnancy is not recommended, 
except in selected cases. 

Tests for Concentration oj Urine. — ^Kottke, Code and Wood"® undertook to 
determine the power of the kidney to do its work in general and its ability to 
excrete excess chloride in the absence of the adrenal cortical hormone, but with 
the animal in good condition and maintained on a diet high in sodium and low m 
potassium. Dilution of the urine and tests of concentration and a test of rena 
chloride concentration were carried out on dogs before and after adrenalectom)'- 
Results of their experiments indicate that the ability of the kidney of the adre- 
nalectomized dog to dilute urine, that is, to reabsorb the cr 3 ’^stalloids and leave 
the water of the glomerular filtrate, is not impaired by the operation. On the other 
hand, results of tests of concentration indicate that the power of adrenalectomize 
dogs, maintained on a diet high in sodium and low in potassium without cortica 
hormone, to concentrate urine, that is, to reabsorb water selectively, is reduced even 
when these animals are in excellent general condition. 

In the performance of tests of the concentration of chloride, it was found that 
there is a tendency for the rate of production of urine in the adrenalectomize 
animals to increase slowly to a maximum and to remain fixed at this level through- 
out the test. This fixed rate of production of urine, as a rule, was less than tie 
maximal rate of production of urine observed in intact animals. The maxima 
concentration of chloride was limited in the adrenalectomized animals to less than 
11.6 Gm. per liter of urine, whereas in the intact animals the concentration increase 
to considerably higher values. Likewise, the maximal output of chloride per imnu e 
was always less in the adrenalectomized animals than in intact animals. These 
results would indicate some reduction in the power of the tubular function 
kidney which is amply supplied with sodium chloride but which is deprived o 
cortical hormone to concentrate chloride in the urine. 

74. Balch, J. F. : Urinary Calculus Associated with Pregnancy: A Consideration of 

agement with Report of Three Cases, J. Urol. 47:705-710 (May) 1942. , 

75. Kottke, F. J.; Code, C. F., and Wood, E. H.; Urine Dilution and Concentration ic- 
in Adrenalectomized Dogs, Am, J. Physiol. 136:229-243 (April) 1942. 
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The Production oj Diuresis . — ^To delcrmine the cfTcct on tlic renal tubules 
of the repeated intravenous injection of an 8 per cent solution of sucrose in half- 
strength Ringer’s solution as a measure to produce diuresis, Ilclmholr, and Boll- 
man"'^ used 7 rabbits and 4 dogs in their experiments. In both species the most 
striking changes in the urine or urinary system, as well as in the values for 
phenolsulfonphthalein and urea, were noted after the first injection. These changes 
were temporary, and repeated injections produced neither the same acute changes 
nor any permanent damage in the histologic structure or the function of the kid- 
ney. Aldiough the tubular epithelium seemed to be considerably changed histo- 
logically after the injection of this solution, it seemed able to function. The 
appearance of casts, albumin and sometimes erj'throcytes in the urine was likewise 
temporaiy-. Rabbits can excrete from 90 to 100 per cent of fluid when it is given 
in the form of an 8 per cent solution of sucrose in half-strength Ringer's solution 
at a rate of 100 cc. per kilogram of body weight per hour for a six hour period. 
Such injections can be repeated as often as every other day. Dogs can excrete 
SO per cent of the fluid when it is given at a rate of 50 cc. per kilogram of body 
weight per hour for a six hour period weekly. In neither animal do the kidneys 
exhibit any permanent damage after multiple injections of the solution, and they 
regain their normal histologic structure within ten days. Helmholz and Bollman 
concluded that this solution can be used justifiably in clinical emergency con- 
ditions in which the rapid production of diuresis is desired. 


ENDOCRINE THERAPY 

Kearns stated that pellet implantation offers a desirable and safe means for 
the administration of testosterone to patients who are dependent on testosterone 
replacement therapy or who are greatly inconvenienced by ^^sits to the physician’s 
office, because of either their remote location or their hours of work. Apparently 
there are no objections to this form of treatment. In a considerable number of 
cases (approximately 85 in which such implantation has been carried out during 
the past two years) no untoward effect has been obsen'ed, and it was Kearns’s 
belief that it is a safe procedure. 


HERM-A-PHRODITISM 


Chanis discussed some aspects of hermaphroditism and reported a case of 
female pseudohermaphroditism. The patient was a Negro 18 3 mars old. At birth, 
the attending phj-sician had declared the patient to be a male. From the age of 12 
years onward the patient had had occasional penile erections. At 14 j^ears of age 
small amounts of blood had been passed in the urine montlily. At 16 years the 
patient apparently was sexualty a normal male. Urination and evacuation of semen 
had been accomplished through an orifice in the scrotum. Phj'sical examination 
disclosed a normal penis except that the urinarj- meatus ended blindly in a pouch 
o cm, long. There was a small opening in the base of the scrotal raphe, through 
which the urine was voided. Testicles could not be palpated. The mammary 
glands were well developed. Surgical exploration of the abdomen disclosed a small 
uterus with two tubes, and two well developed ovaries were seen. Testicles were 
uot found. Subtotal hj’sterectomj* was done, and later a plastic operation on the 
breasts was carried out. A follow-up report secured a r'ear later indicated that 
the condition of the patient apparent!}' was more satisfactorr* than before. 


, H. F., and Bollman, J. L.; Intravenous Use of Sucrose-Ringer’s Solution 

tfoduce ilaximal Diuresis, J. Lab. S: Clin. Med. 27:606-615 (Feb.) 1942. 

,,/''\^C2rns, tv. M. ; Pellet Implantation of Hormones in Urolosn', T. Urol. 47:S87-'90 
t-uay) 1942, ■ 

P pbauis, D., Jr.: Some .\spects of Hermaphroditism: Report of a Case of Female 
Pseudohermaphroditism, J. Urol. 47:508-514 (.A.pril) 1942. 



News and Comment 


American Urological Association. — A meeting of tiie American Urological Associa- 
tion will not be held this year, in view of the fact that the government is discouraging the 
holding of all conventions e.xcept those primarily of military interest. The ?500 research prize 
which is offered annually by the association will therefore not be awarded this year. 

Meeting of International College of Surgeons. — The Fourth International Assembly 
of the International College of Surgeons will be held June 14 to 16 at the Waldorf Astoria 
Hotel, New York. Dr. Fred H. Albec, of New York, is the international president, and 
Dr. Max Thorek, of Chicago, the international e.xecutive secretary. Dr. Iilanuel A. Manzanilla, 
of Mexico, and Prof. Herman de las Casas, dean of the University of Caracas, Venezuela, will 
serve as chairmen of the program coordination for Central and South America, and Dr. 
Rudolph Nissen, of New York, will act for Europe. The rehabilitation committee is composed 
of Drs. Fred H. Albee (New York), William D. Ryan (Detroit) and Custus Lee Hall 
(Washington, D. C.). Dr. A. A. Berg (New York) is chairman of the program committee; 
Dr. Charles Phillips (New York), chairman of the arrangements committee; Dr. Chester A. 
Peake (Brooklyn), chairman of the exhibit committee, and Dr. Milton Bodenheimer (New 
York), chairman of the publicity committee. 

Examination by American Orthoptic Council. — The next e.xamination by the American 
Orthoptic Council will be held in September and October 1943. 

The written examinations will be held at various cities in the country on September 9. Only 
those passing the written examinations will be permitted to take the oral and practical tests, 
which will be given in Chicago on October 9. • r 't 

Applications on official forms should be addressed to the American Orthoptic Counci , 
23 East Seventy-Ninth Street, New York, for receipt before Aug. 1, 1943. 

Reprints of “Progress in Orthopedic Surgery” Available. — Arrangements have been 
made whereby reprints of “Progress in Orthopedic Surgery for 1941,” which appeared m 
the September, October, November and December 1942 and January 1943 issues m t e 
Archives of Surgery, may be procured at §1 a copy. Checks should be made payable o 
Dr. A. R. Shands Jr. and sent to 535 North Dearborn Street, Chicago. 


CORRECTION 

In the article by Drs. Davis, Frank, Hurwitz and Seligman entitled “Intravenous Use of 
Vitamin Ki Oxide,” in the February issue (Arch. Surg. 46:296, 1943), figures 2 and 3 fu 
the legends) are reversed. 
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EFFECTS OF JEJUXAL TRANSPLANTS ON EXPERIMENTAL 
PRODUCTION OF PEPTIC ULCERS 

JERE \V. LORD Jr.. M.D. 

WILLIAM DeW. ANDRUS, M.D. 

.\ND 

PAUL STEFKO 

NEW YORK 

Stefko, .Andrus and Lord ' recently described the eftects on the gastric secretion 
ot transplantation to the stomach of a segment of jejunum with intact blood supply. 
Briefly, thev obserr-ed that in 5 animals subjected to this procedure the normal 
response of increased acidity after injection of histamine was reversed in 4 and 
markedly reduced in the fifth, as demonstrated by direct measurements of the pu 
of tlie gastric mucosa of seven regions of the stomach. This same reversal was 
also strikingly evident in the analyses of the gastric contents, which showed a 
reduction of the average fasting free and combined acidities after jejunal trans- 
plantation, followed by a still further decrease after the injection of histamine. 

The present paper deals with the effects of such jejunal transplants on experi- 
mental production of peptic ulcers of the duodenum through daily intramuscular 
injection of a mixture of histamine phosphate and beeswax in liquid petrolatum 
as reported by A^’arco and his associates.- These authors attributed such ulcers to 

■ the continuous excessu-e secretion of acid gastric juice evoked by the histamine 
m the beeswax mixture." In view of the effects of the jejunal transplants in 
normal animals when the usual amount of histamine phosphate (1 mg.) was 
injected for gastric analysis, it was felt desirable to investigate the effects during 
more prolonged exposure to the drug. To this end two series of experiments were 
carried out. 

EXPERIIIEXTS 

In the first series, 2 control dogs and 2 dogs in which a jejunal segment with 
intact blood supph^ had been implanted into the stomach about two and a half 
montlrs previously received mtramuscular injections of a mixture of histamine and 
beeswax equivalent to 120 mg. of histamine phosphate daih', except for Sundav. 
tor a period of thirt}- days. At the end of the thirW day period gastric analvses 

This study was carried out under a grant from the John and Mar}- R. 'Markle Foundation. 
•,r F^om the Department of Surger>- of the New York Hospital and Cornell University 
^ledical College. 

L Stefko, P.; Andrus, tV. DeW.. and Lord, J. W„ Tr. : Eftects of Jejunal Transplant- 

Gastric Acidity, Science 96:20S (Aug. 28) 1942. 
n a' autlrors (Varco, R. L.; Code, L. F.; Walpole, S. H., and Wangensteen. O. H.- 

uodenal Ulcer Formation in the Dog by Intramuscular Injections of a Histamine Beeswax 
^bysiol. 133:P475 [June] 1941) described the preparation as follows: “The 

■ he beeswax mixture was prepared by mixing finely ground histamine with one part hot 

eswax and then diluting with four to five parts hot mineral oil. When homogeneous and while 
■ 111 molten, the mixture was drawn into a 1 cc. tuberculin svringe and allowed to solidify at 
i^com temperature.” 
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were carried out, after which all 4 were killed and the gastrointestinal tract carefully 
examined. Results of gastric analyses performed at the end of the experimental 
period for these 4 animals appear in the accompanying table. 


Results of Gastric Analyses of Aiiiinals in First Series 





10 .Minutes After 

20 Minutes After 



FastInR 

Injection 

Injection 

Dok 1 (transplnnt) 

Free 

30 
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SO 

to 
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. 
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Total 

ss 

72 

25 

Dor 3 (control) 

]i^ce 

70 

70 
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Combined 


.SO 

40 


Total 

110 

120 
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Dor i (control) 

Free 

70 

71 

00 


Combined 

38 

40 

30 


Total 

103 

114 

120 



Fig. 1. — Erosion, 11 by C mm., in the first portion of the duodenum of dog 3. 

Several facts are to l^e noted. First, the fasting free acidity was much lowci 
in the experimental than in the control animals despite the prolonged exposure to 
histamine. Also, the previously noted reversal of the normal response of increasec 
acidity ten and twenty^ minutes after injection of histamine was seen in these 
animals. 

The observations at autopsy wei'e as follows : Dog 3 had multiple erosions. 
I)Oth small and large (diameter of 4 to 11 mm.), in the first and second parts o 
the duodenum. Some of the erosions had penetrated to the submucosa, and the 
surrounding mucosa was hyperemic. The stomach was entirely normal (fig. U- 
Dog 4 had multiple superficial punctate erosions in the first and second poitions 
of the duodenum, and the mucosa of the pylorus and duodenum was hypeiemic. 
Otherwise the organs of the animal were entirely normal. 

On the other hand, careful examination of the duodenum and the rcinainc ci 
of the gastrointestinal tract of the 2 dogs with jejunal transplants failed to rc^ea 
any pathologic abnormality. The jejunal transplant in each dog bad bcaled wc 
and appeared unremarkable. 

While the results in the first series of animals appeared highly suggestne so 
far as the action of a jejunal transplant in preventing duodenal ulceration foIlouin„ 
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prolonged exposure to lustaininc was concerned, it seemed desirai)Ic to ]nirsuc the 
matter tnrtlier and. it possible, observe tltc en’cct of the operation in the presence 
of duodenal ulceration. A second scries of animals was tbcrcforc investigated, 
consisting of 6 normal dogs and 1 with a jejunal transj)Iant in the stom.acb. .All 
were given injections of the mixture of bi.stamine and i)cc.swax ec|uivalent to 120 



Fig. 2. — A, part of the stomach and duodenum of dog 5, showing two large penetrating 
ulcers in the first and second portions of the duodenum and several erosions through the 
mucosa of the antrum. B. low power photomicrograph of a cross section of the ulcer in die 
second portion of the duodenum. Complete destruction of the entire wall of the duodenum 
has occurred, with the pancreas forming the greater portion of the base of the ulcer. Two 
good-sized vessels can be seen in the base of the ulcer. 


mg. of histamine phosphate daily for a period of seven weeks. The animal with 
the jejunal transplant was observed for the entire period and was then killed while 
m a state of good health. The others were examined at various times during the 
experiment when they appeared ill. 
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In all 6 of the previously normal animals hyperemia and lcsi(.)ns of the dilodcnal 
mucosa developed at some time during the experimental period. In ?> definite- 
duodenal ulcerations e.xtcnding into tlic muscularis were found, while in the 
remainder multiple mucosal erosions were to he seen. All s\ifi‘cred from annrc.xia 
and lost weight, and several had definitely tarry stools. 



Fig. 3. — Part of the stomach and duodenum of dog 6. The jejunal transplant can he seen 
in the center of the stomach. The mucosa of the stomach and duodenum is entirely free from 
erosions and ulcers. 



Fig. 4. — Part of the stomach and duodenum of dog 7, showing normal mucosal lining. 
jejunal transplant can be seen near the pylorus. 

The course of dog 5 was typical of that in the 3 control dogs in which ulceis 
developed during the experiment. This dog began to lose appetite and weight 
on the ninth day after the injections of the mixture of histamine and beeswax ttcic 
begun (July 6, 1942) and continued to do poorly for two weeks, when it began 
to improve, ate all of its food and put on weight. On August 5 the routine vas 
changed slightly, the injection of the mixture being made in the late afternoon 
instead of in the morning when the dogs were fed. The next day the dog began 
to vomit its food. During the next four days it went rapidly downliill. refusin.c 
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to cat and vomilini^. and finally it began wlicezing and died on the thirl 3 ’-fiftli 
day of the experiment, five days alter the change in the time of the injection of 
the mixture. The animal lost S pounds (3.6 Kg.) in weight during the entire 
period of thirty-five da^'s. .■\utop.';\' showed two large, deep ulcers in the first and 
second parts of the duodenum. .Mso, there were imiltijde erosions of the mucosa 
of the .‘Stomach and duodenum associated with hyperemia (fig. 2). Several ounces 
of bloody fluid was in the stomach. Both lungs were the scat of a hroncho- 
pneumonia of a moderate degree. 

In contrast, the dog with the jejuna! tran.splant (dog 6) tolerated the prolonged 
exposure to histamine c.xtrcmcly well, remaining in excellent health throughout the 
e.xperiment. At autopsv its stomach and duodenum appeared entirelv normal 
(fig. 3). 

Two animals were operated on while acutely ill, with the idea of establishing 
the presence of duodenal ulceration by direct examination and then, after implanting 
^ segment of jejunum in the stomach, obsen-ing its effect during continued 
exposure to histamine. One of these animals died twenty-four hours later with 
confluent bronchopneumonia, hut the other recovered prompt!}' from the operation. 
This animal, dog 7, had become ill shortly after the onset of the e.xperiment. 
Tarry stools were noted on the eighth day, and anorexia became complete during 
the next four days, associated with a moderate decrease in weight (from 26 to 
-■I pounds [ll.S to 10.9 Kg.] ). On the twelfth day a duodenotomy and a jejunal 
transplant to the stomach were carried out. Several punctate erosions of the 
duodenal mucosa were seen. The stomach contained some gastric juice, which on 
testing showed free acidity of 80 degrees and combined acidity of 50 degrees, a 
total of 130 degrees. No frank ulcer could be palpated or seen through the 
duodenotomy incision or the window in the anterior wall of the antrum prior to 
the implantation of the jejunal segment. Postoperatively, the daily injection of 
the mixture of histamine and beeswax was continued for the remaining twenty-six 
days of the experiment. No food or water was administered for forty-eight hours, 
infusions of de.xtrose and saline solution having been given on the operative day 
nnd for the ne.xt two days. On the third postoperative day the dog was allowed 
'vater by mouth, and shortly thereafter it was given milk and bread. For the last 
two weeks of the experiment the animal was fed only chopped meat. Immediately 
postoperatively its condition improved, and it ate eveiyiihing given it without 
incident for the duration of the experiment and gained 4 pounds (1.8 Kg.) in 
"■eight. A gastric analysis on the tenth postoperative day showed the following 

values : 

10 Minutes After 20 Minutes After 
Fasting Injection Injection 


Free acid 32 20 

Combined acid 3S 2S 24 

Total C2 60 44 


The animal was killed on the twenty-sixth postoperative day, and at autopsy the 
mucosa of the stomach and duodenum was entirely normal. The transplant had 
healed cleanly, and its mucosa was intact. The duodenotomy incision had been 
closed satisfactorily without narrowing the lumen (fig. 4). 

SUMM.ARY 

The previous observation ^ that dogs with pedicle grafts of jejunum transplanted 
into the stomach wall secrete a gastric juice which becomes relatively more alkaline 
m response to histamine, in contrast to the normal reaction, has been confirmed 
"1 animals given larger doses of the drug for a relatively long period. 
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The results suggest efficacy o£ such transplants in preventing development of 
duodenal erosions and ulceration during continued exposure to histamine. 

In the single animal in which it could be satisfactorily carried out, implantation 
of a pedicle graft of jejunum into the gastric wall was followed by licaling of tlie 
duodenal lesions despite continuation of the injections of histamine. 

The clinical application of transplantation of a jejunal scgmeirt with intact 
blood supply to the stomach in the treatment of peptic ulcer is suggested by these 
results. Further experimental work is in progress in an attempt to elucidate the 
mode of action of such a transplant and to establish its possible limitations. Such 
grafts have been shown ^ to remain viable for long periods, provided their blood 
supply is intact, and we have observed animals in which the operation has been 
performed up to two and a half years before, during which time they have remained 
in excellent health despite other opei-ative procedures. 

525 East Sixty-Eighth Street. 

3. Dragstedt, L, R., and Vaughn. A. M. ; Gastric Ulcer Studies, Arch. Surg. 8:791 
(May) 1924. 



HEMAXGIOMA Ol- JOINTS 


CAPTAIN MILTON C. CODLY 
. .Mi;nicAi. coRi'S. akmy or the unitkh state? 

In 1939 Dr. George Bennett and I * reviewed tlic 24 reported cases of heman- 
gioma of the knee joint, and in adding 5 more proposed the use of roentgen therap}' 
for tumors of the nonpedunculated type. Attempts at radical e.xcision had proved 
misatisfactor}' for this type of liemangioma. 

The purpose of this paper is to present 4 more cases of hemangioma of the 
knee joint and to bring out the fact that this tumor is not so rare that it should 
not be considered as a possibility in any differential diagnosis of swelling of the 
knee joint. Too often the diagnosis of early tuberculosis of the synovial membrane 
of the joint or of some minor injurj' to the joint is made. In many instances the 
cardinal signs of a family histor}' of hemangioma, hemangiomas elsewhere on the 
patient’s body, intermittent attacks of swelling and reduction of the size of the 
swelling of the knee on elevation of the extremity will make the diagnosis clear 

In 1 of the following 4 cases the patient was treated by excision of a peduncu- 
lated tumor. Roentgen therapy was employed in the other 3 after the diagnosis 
had been established by biopsy and the lesion had been found to be too extensive 
for surgical excision. 

REPORT OF CASES 

Case 1. — Syiwz'ial Hemangioma. 

V. K., an 11 jxar old girl, was admitted to the Children’s Hospital Orthopedic Dispensary, 
Washington, D. C., in December 1939 because of a swollen right knee of several montlis’ 
duration. No other symptoms or signs were noted at the time of admission. The conditiort 
was diagnosed as a possible epiphysitis of the tibial tubercle, and a cast was applied. After 
three months in tlie cast the joint was still swollen. Aspiration was done, and guinea pigs; 
were inoculated with tlie fluid obtained. The fluid was not blood, and laboratorj’ tests gave 
negative results. The second cast was removed after two months, and ph 3 'sical therapj' was 
instituted. The swelling of the joint persisted, although at certain times it was more swollen 
than at others. Ten months after the patient’s first visit to the clinic a biopsj’ of the sj’novial 
membrane of tlie joint was performed, and tlie lesion proved to be a hemangioma. Roentgen 
therapj' was started, and four months later the knee was apparently entirely well. The results 
of a careful two j-ear follow-up indicate that it has remained so. 

Case 2. — Pcdtmculalcd Tumor. 

R. H., a Negro woman aged 23, was first seen at the Garfield Hospital, Washington, D. C., 
on Feb. 20, 1941, and gave a history of having had pain and stiffness in her left knee for a 
period of a year. About three weeks before the onset of the pain the patient had fallen, 
but she could not recall injuring the knee at that time and had no pain in it afterward. 
She noticed that the pain and swelling had been dcfinitelj' intermittent in type. At times 
they were so severe she was unable to extend the leg fully. There was no famih- historj- of 
heniangionia, and none was found on the patient at physical e-xamination. The first e.xanii- 
nation revealed definite swelling and slight increase in synovial fluid but no definite capsular 
thickening. Except for generalized obesitj- there were no other physical signs. Roentgen 

Released for publication by the M'ar Department Manuscript Board, which assumes no 
responsibilitj', other than censorship, for the contents of the article. 

1- Bennett, G. E.. and Cobev, M. C.; Hemangioma of Toints, .Arch. Sur"^ 28:487-300 
(March) 1939. 
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examination gave negative results. The preojjcrativc diagno.si.s was tumor of the left knee. 
At operation a pedunculated hemangioma was found extending from the synovial membrane 
posteriorly between the cruciate ligaments out into the anterior ])ortion of the joint. The 
pedicle was ligated, and the tumor u-as excised, 'i'hc patient was given physical therapy 
postoperatively from March 11 to May 22. She was followed closely for one year after the 
termination of treatment and at the time of the last c.xamination was apparently entirely well. 

Case 3. — Synovial Tumor; Hemauf/ioma in Ollier Members of the family. 

B. M., a white girl aged 4 years, was brought to my office on May 15, 1941, with the 
complaint of swelling of the right knee and limping for si.v weeks. The joint was swollen 
throughout and felt doughy on palpation. There was a definite decrease in the amount of 
swelling of the joint on elevation of the extremity. On the left leg there was an e.xtensive 



Fig. 1 (case 3). — Low power photomicrograph showing a section from a hemangioma oi 
the knee joint. 

bluish discoloration of the skin from dilated subcutaneous vessels. The patient’s younger 
sister had a hemangioma of the face ; a paternal aunt had an extensive hemangioma of the 
deltoid muscle, and a paternal first cousin had a very large hemangioma of the sea p. 
Roentgen examination of the patient’s knee showed numerous small phleboliths in the vesse s 
of the capsule of the joint. Biopsy showed the tumor mass involving the capsule of tic 
joint and the synovial membrane to be a hemangioendothelioma. The patient was not 
roentgen therapy until one year after the diagnosis was made, because the parents at hrs 
refused to permit treatment. She then had a full course which resulted in prompt improvement. 
Examination one year after roentgen therapy showed the knee to be apparently entirely wc . 

Case 4. — Synovial Tumor Erroneously Diagnosed as Tuberculosis and Treated with Cast 
for Eight Years. 

I. S., a white girl aged 10 years, was admitted to the Orthopedic Dispensary of the C u 
dren’s Hospital, ^Vashington. D. C.. on March 24, 1942, with a history of intermittent pain 
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and swelling in the right knee with a limp on walking since she was IS months of age. 
She had spent mo^t of the intervening time in casts and had lieen in and ont of several 
tuberculosis sanatoriums, being treated for supiKtscd tnherciilosis of the knee joint. On exami- 
nation there was 1.5 cm. overgrow tli in length of the right leg and some atrophy of the 
muscle of the thigh. The capsule of the joint was definitely thickened on palpation, and 
the swelling decreased on elevation of the extremity and increased when it was placed in 
a dependent position. Kxamination of tissue removed for biopsy indicated the presence of a 
lieniaugioepithelioma. Roentgen therapy was hegun. and in six weeks the swelling iiad decreased, 
and the symptoms were relieved when 1 examined her just before my enlistment in the .-Vrmy. 

Photomicrograplts ot sections from the lesions in eases 3 and 4 are charac- 
teristic of hemangioma ffigs. 1 and 2). Many of the hlood vessels are thin walled 



Fig. 2 (case 4). — High power photomicrograph showing a section from a hemangioma of 
the knee joint. 


and are sharply defined. The walls of other blood vessels are continuous with 
broad plaques of endothelial cells, which are of uniform structure. Throughout 
these sections extensive and dense plasma cell infiltration and some fibrosis are 
present. 

The historical background and the pertinent literature were thoroughly reviewed 
in a previoush" published paper.^ The admitted ease of error in diagnosis was also 
discussed. However, hemangioma of the joints is more common. I believe, than 
is generally appreciated. A number of factors make it possible to suspect this 
tumor if not always to diagnose it before exploration. A history of hemangioma 
in other members of the family, the finding of hemangioma in other parts of the 
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body, a history of intermitlent swelling over a long period of time, a decrease in 
the swelling on elevation of the extremity or the absence of any other positive 
findings in an apparently healthy patient should suggest a diagnosis of hemangioma. 
Aspiration as a diagnostic procedure is of little value, I believe; for unless one 
tears vessels with the needle or luckily happens to plunge it directly into the tumor 
one will aspirate normal synovial fluid. 

CONCLUSION 

I have presented 4 more cases of hemangioma of the knee joint in order to 
demonstrate that this tumor occurs more commonly than is often appreciated. 



Fig. 3 (case 4). — Low power pliotomicrograph showing a section from a hemangioma of 
the knee joint. 


to point out how eas}' it is to mistake the tumor for any one of a number of con 
ditions that affect the knee joint and to reiterate the cardinal points in diagnosis. 

The treatment is excision for pedunculated tumors and roentgen therapy f®' 
extensive lesions involving the synovial membrane and the capsule. The roentgen 
therapy usually requires about one week. The patient, however, should not ic 
allowed to bear weight on the affected limb for three months after treatment is 
discontinued. This precaution should be taken because roentgen therapy may o 
damage to the growing epiphyses in a child. This risk, however, is not great. 



POST-TRAUMATIC DYSTROPHY OF THE EXTREMl'l'lES 

A CHRONIC VASODILATOR MECHANISM 
GEZA nr. TAK.VTS, -M.D. 

AND 

DONALD S. MILLER, M.D. 
cnic.\f.o 


In 1900 Sudeck described puzzling vasomotor phenomena following compara- 
tively mild injuries occurring mainly at the wrist or ankle.* Since his original 
communication, a variety of terms have been employed to characterize the same 
syndrome, such as traumatic angiospasm, chronic traumatic edema, acute atrophy 
of bone, post-traumatic osteoporosis, peripheral trophoneurosis and reflex neiA'Ous 
dystrophy. One of us summarized the literature and added a few cases in a pre- 
nous communication. = Obviously, previous authors have focused their attention 
on different manifestations of the same syndrome as it affects the bone, the blood 
vessels or the skin. While Sudeck’s name is rightfully associated with this con- 
dition, he himself preferred to omit his name in subsequent communications ^ ; 
atrophy is not a typical feature of the disease in its early stages. 

In this report we wish to give a brief summary^ of our observations on this . 
vaguely understood and frequently unrecognized symdrome. Thirty-three patients 
have been studied and treated; 12 of these have had repeated plethysmographic 
studies made and other observations relating to blood flow, vasomotor reactivity 
and calcium metabolism. 


REQUIREMENTS FOR EARLY DI.AGNOSIS 

In studying the published reports and our own series we find that severe, 
persistent pain of a burning character with paroxysmal aggravations presented 
by a patient whose injured limb is properly immobilized, noninfected and seem- 
ingly on the way toward a normal course of repair should make one suspicious 
of an early begirming reflex dystrophy. In this early stage the extremity' is 
warm, tlie subcutaneous tissue and especially the periarticular spaces are edematous 
and tlae muscles are hypertonic in their effort to splint the painful joint. The 
cutaneous temperature is definitely elevated compared with that of the non- 
affected extremity, and the oscillations are higher. At this stage the pain is closely- 
limited to the site of injury and its spreading character is not evident; nor is there 
any osteoporosis, which does not seem to occur unless hyperemia has been present 
continuously for from four to eight weeks. 

The syndrome may stop at this point or progress to a second stage. Here the 
periarticular edema has spread for a considerable distance; the part is not as 
warm and flushed and may become hard, cyanotic and cold to touch. Because of 


From the Department of Surgerj', tlie Graduate School, and the Research and Educational 
Hospital, UniversiW of Illinois College of Medicine. 

1. Sudeck, P.; Ueber die acute entzundliche Knochenatrophie, .Arch. f. klin. Chir. 62: 
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2. de Takats, G. : Reflex Dystrophy of the Extremities, Arch. Surg. 34:939 (May) 1937. 

3. Sudeck, P. : Die trophische Extremitatenstorung durch periphere (infektiose und 
trnumatische) Reize, Deutsche Ztschr. f. Qiir. 234:596, 1931 : Die kollateralen Entzundungs- 
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the splinting action of the muscles and because of the synovial- edema, the joints 
become stiff rather early, and this is one of the important residual disabilities 
with which one has to deal. Rheumatoid arthritis with its vascular phenomena 
is quite analogous to this condition. At this stage tlie pain is that of a spreading 
neuralgia. 

Finally the skin becomes atrophic, the fingers or other joints arc stiff, the 
muscles are atrophic and eyidence of osteoporosis appears in tlic roentgenograms. 
There is a spotty decalcification of the small bones of the hand and foot and in 
the metaphyses of long bones, where vascularit}' is tlie greatest. There can be 
no doubt that the cause of this decalcification is hyperemia.'* The mottled, spotty 
osseous atrophy later becomes diffuse, at which time it is indistinguishable from 
osteoporosis of other origin, such as that due to inactivity, senility, undemutrition 
or biliat}'^ fistula. We doubt that the diagnosis of Sudcck’s atrophy can ever be 
made on the basis of roentgenograms alone. The syndrome may be present in the 
absence of osteoporosis, or it may be subsiding when the bony changes are at 
their height. The pain does not follow the course of osteoporosis, because after 
sympathectomy the pain may rapidly subside but tire osteoporosis persists for 
many months. The greatest value of roentgenograms lies in serial examinations. 
When coarse trabeculation occurs with evidence of recalcification the peak of 
disability has passed. Complete restitution of osseous structure lias not been seen 
in our roentgenograms. 

DIFFERENTIA!. DIAGNOSIS 


The syndrome of Sudeck’s atrophy may be so vague at first and clouded by 
such additional complications later that its differentiation from otlier conditions 
is not always easy. Elsewhere ® we have discussed the point that reflex dys- 
trophy is often associated with syndromes from which some authors try to sepa- 
rate it. Thus we are convinced that in this syndrome the early spotty osseous 
atrophy caused by increased blood flow to the bone is complicated later by a 
superimposed atrophy of disuse. Atrophy of bone seen around tuberculous oi 
rheumatic joints must be recognized, but it may well be, as we shall point out, 
that this atrophy is caused by the same vasodilator mechanism which operates m 
the traumatic cases. Aseptic necrosis of bone causes rarefaction, but the roent- 
genograms do not show the' ground glass appearance of Sudeck’s atrophy. Senile 
osteoporosis is most evident in the vertebrae but may involve other parts of the 
skeletal system. In 3 of our cases the presence of senile osteoporosis of the spine 
seemed to aggravate local post-traumatic osteoporosis and make it less responsive 
to treatment. Other forms of osteoporosis due to hyperparathyroidism, hyperthy* 
roidism, pituitary basophilism and adrenocortical syndromes, metastatic malignant 
lesions, multiple myeloma and osteomalacia have been discussed and differentiate 
from senile osteoporosis by Black, Ghormley and Camp.® The}^ can hardly ^ 


confused with Sudeck’s atrophy. 

Finally, traumatic neurosis, compensation neurosis and malingering may 
to be considered. It is here that the definite vascular changes to be describe 
are of value. But it must be pointed out that the anxiety state of he patient 
have a bearing on his autonomic reflexes and that from the standpoint of therap) 
all disturbing cortical and subcortical influences should be eliminated by ear) 


4. Pommer, G. : Ueber Osteoporose, ihren Ursprung und ihre diffcrenlialdiagnostischc 
Bcdcutung, Arch. f. Win. Chir. 136:1, 1925. 

5. kliller, D, S., and de Takats, G. : Post-Traumatic Dystrophy of the Extremities, Sut?' 

Gynec. & Obst. 75:558, 1942. . , 

6. Black, J. R.; Ghormley, R. K., and Camp, J. D. : Senile Osteoporosis of the Spin-i 
Column, J. yt. A. 117:2144 (Dec. 20) 1941. 
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seulomeius. reassurance and relief tnmi anxiety. Again it is onr feeling that 
instead of trying to dilYerentiate Sndeck’s atrophy from a "state of mind” the 
participation of this clement should he ascertained, since it i)rohal)ly plays a role 
in the symptoms of injury. 

The hard, traumatic edema produced artificially by a constricting hand may 
be recognized by obtaining an infra-red picture of the suspected site of constric- 
tion. since it shows suhcapillary extravasations in the form of a band. 

STUniES ox liLOOn flow IX KEKI.t;.\ nVSTKOPIIY 

One of us (D. S. M.J slightly modified the excellent water plethysmograph 
described by Abrahamson,' and all readings were carried out with this apparatus. 
The apparatus can be used for arm, hand or foot (fig. 1) and has heen described 
in detail elsewhere.® The patients came to the laboratorv" early in the morning 
without breakfast. They were placed comfortably on a bed and rested for thirtv 



1. — Final design of plethysmograph, the result of several modifications. Tlie apparatus 
may be used for hand or foot ; the temperature of the water bath is thermostatically controlled. 


T.\ele 1. — Studies of Blood Flozo in Post-Traumatic Reflex Dystrophy 


Case 

I. R. H. 
5- S. o. 

5. F. O. 
i-K.W 
o- M. B 

6. B. .s 
■ C. B. 

R.D 
S>- E. L. 
10. B. M 

II. -M. T 
10- G. D 


Total., 


dumber 

of 

Studies 

Blood Flow in Cc. per 

100 Cc. of Limb Volume 

Limb Volume in Cc. 


Percentual 
Increase of 
Blood Flow in 
Affected Limb 

Affected Limb Normal Limb 

Affected Limb 

Normal Limb 

13 

5.S5 

4.S4 

444 

432 


-?-20 

10 

4 

2 ^ 

1,013 

934 


-I-S9 

C 

3.41 

SSo 

975 

939 


-f-S3 

G 

1.9 

1.43 

S60 

SG6 


—35 

12 

1.55 

1.50 

S3S 

765 


~r 5 

13 

G.07 

5.11 

240 

270 


—IS 

4 

1 

1.23 

SS7 

590 


23 

s 

3.7 

1.S 

916 

S49 


—45.6 

9 

7.4 

5.92 

25S 

2^2 


—25 

10 

5.SG 

4. CO 

4G3 

4G3 


—29 

11 

4.49 

2.S0 

S7S 

S20 


-00 

12 

5.12 

4^ 

935 

SSI 


—2“ 

114 

45.2G 

3S.42 

S.707 

5.427 


-^G0..3 


' • -■^bnihamson, D. I.; Zazcela, H., and Marrus. J. : Plethysmographic Studies of Periph- 
eral Blood Flow in Man; I. Criteria for Obtaining .\ccurate Plethvsmographic Data Am 
He-irt J. 17:194, 1939. - ^ i ■ 
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minutes covered witli a light woolen blanket. The temperature of the water 
batli in which the extremity was placed was 32 C. (89.6 F.) except in some 
instances, in which cool or hot environmental effects were studied, Tlic results 
were calculated in cubic centimeters of blood per hundred cubic centimeters of 
limb volume. From 6 to 20 trials were made on each extremity and the average 
taken from them. 

A total of 114 determinations were made on the injured extremities and the 
same number on the normal extremities of 12 patients. Table 1 shows a summary 
of our findings. In 11 of the 12 patients the affected limb showed an increase in 
blood flow, varying from 60 per cent to 5 per cent. The volume of the affected 
limb was also usually larger, although the increase in volume did not parallel 
the increase in blood flow. The patient in case 7 showed a very small basal 
blood flow with a low basal metabolic rate and showed an even smaller blood 
flow in the affected limb. As a subsequent sympathectomy revealed, there was 



Fig. 2. — The effect of temperature on blood flow in Sudeck’s atrophy- 

pronounced vasoconstriction in both feet, especially in the affected extreniitw b’ 
case 5, in which there was only a 5 per cent increase in flow, the disease vas 
in a late stage of atrophy and all readings were low. . ^ 

The average increase in blood flow in the 12 cases was slightly above oO pc' 
cent in the affected extremity. This remarkable increase persisting over u'^any 
months and years is the most characteristic feature of the syndrome. Its 
mechanism will be discussed in subsequent paragraphs. Of interest was the benavi 
of such extremities when they were subjected to changes in environmental tein 
perature. While the room temperature was kept at 28 C. (82.4 F.), the 
of the water bath varied from 15 C. (59 F.) to 40 C. (104 F.). Figure 2 
tliat at lower temperatures the difference between the two sides was not as grea 
at higher temperatures. The affected extremity did not respond with vasoc 
striction in a cooler bath as readily as did the normal limb. One would expect su 
reactions in the presence of a chronic vasodilatation. Occasionally, however, 
is a masked vasoconstriction in such limbs, which may account for some parac 
responses. 
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I?I,OOD FLOW AI-TER SYMrATHFCTOMY 

A total of 23 detcnninations of blood flow prior to and IS following svni- 
patliectoniy were made on 4 patients. In spite of the already increased blood 
flow on the afi’ccted side, there was a further increase following operation in 
3 of 4 cases. The interpretation of these findings, together with observed clinical 
relief, will he given in the discussion. 

STUDIES ox CALCIUM METABOLISM 

Determinations of blood calcium, phosphorus and phosphatase were made for 
12 patients affected with refle.x dystrophy. In 4 cases the determinations were 
repeated several weeks apart. \\'hile the values for calcium and phosphorus were 
normal, the phosphatase was slightly but definitely elevated in most instances 



Fig. 3. — Studies of calcium, phosphorus and phosphatase in Sudeck’s atrophy. 


(fig. 3). The upper level of normal expressed in Bodanskj' units is 4. This 
figure was obtained in case 10 (B. H.), in which a spotty- atrophy of the carpal 
bones developed after a blunt injury of the dorsum of the hand. Obviously only 
a small area of bony structure was involved. The highest reading, on the other 
band, of 10.4 units, was obtained in case 9, in which the patient had a diffuse 
osteoporosis of the entire upper extremity following a fracture of the shoulder. 
This woman was 58 years old, and her traumatic osteoporosis may well have 
merged with a senile osteoporosis. 

^^'e have insufficient data on other forms of atrophy of bone, but it is possible 
that the phosphatase level may give an indication of the extent of osseous atrophv 
and especially of the presence of reconstructive activity-. 

THE COURSE OF THE DISEASE 

There are mild types of reflex dystrophy yvhich subside spontaneously in a 
few Weeks or rapidly respond to local or paray-ertebral infiltrations of procaine 
hydrochloride. There are ty-pes of moderate sey-erity- causing continuous pain, 
increasing contractures of tendons and joints and extreme decalcification of bone. 
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The patients are completely disabled. The course is self limited, liowever. and 
there may be spontaneous healing within a year, residual stiffness, deformity 
and contractures being left in spite of an insignificant original injury. There is, 
finally, a severe form which causes a spreading neuralgia, a spreading osteo- 
porosis and a gradual mental fixation on the intractable lesion. The patients may 
request amputation or threaten or commit suicide. A functional and economic 
rehabilitation is hardly ever obtained. The patients may require permanent insti- 
tutional care (figs. 4 and 5), 

The sevei’ity of the original injur}- does not determine the course of the 
disease. Severe trauma causing fracture of long bones and total transection of 
nerves and blood vessels does not seem to be followed by this syndrome. Sprains, 
contusions, mild frostbites or burns, partial injuries to nerves and r^enous throm- 
boses are in the history of patients with Sudeck’s atrophy (table 2). One has the 
impression after studying these patients that their autonomic nervous system is 


Table 2, — Siideck’s Atrophy: Character of Trauma and Duration of 
Symptoms Prior to Treatment 


Duration of Symptoms 

Initial Trauma Number of Oases in Months 


Sprined ankle 

Sprained ankle and fractured fibula 

Dislocated ankle 

Infection at inner ankle 

Sprained vrist 

Wringer injury to wrist 

Oolles’ fracture 

Crushed finger 

Blunt injury to dorsum of hand. . . . 

Fracture of naricuiar bone 

Blunt injury to dorsum of foot 

Injury to shoulder 

Periphlebitis , . 

Blunt Injury to lower leg 

Scar following incision of toe 


8 S, 2, 4, 4, 3, 12, 42, S 


2 

1 

1 

2 

2 

1 

4 

2 


5, 24 
7 
5 

1.3 

7,36 

12 

12, 6, 6, 4S 
1,1 


1 

1 

2 

4 

1 

1 


IS 

6 . 

9, 7S 

36, 36, 8, 20 
14 
6 


Total number of cases. 


33 


unstable. One cannot help referring to animal experiments which indicate that 
when cortical release is produced by decortication an autonomic reflex, such as 
gastric contraction after stretching, is exaggerated.® There are also clinical obser- 
vations to show that a hemiplegic extremity shows overactivity of the sympathetic 
nervous system.® It would seem, then, that certain emotional states, such as 
anxiety and fear, as well as uncontrolled pain, are capable of facilitating vascular 
reflexes which normally subside in a few days. 

THE NATURE OF THE REFLEX 

In figure 6 we have summarized our concept of vascular reflexes arising from 
traumatic stimuli in the extremities. Trauma in the broad sense of the word maj 
consist of a mechanical, chemical or thermal injury or a vascular occlusion. Somatic 
sensory fibers carry impulses centrally from such an area. In A the nerve impulse 
never reaches the cord but produces an efferent vasodilatation, an axon reflex. 

B vasodilatation has been activated through a spinal cord reflex. This pathwa} i-s 

8. Hesser, F. H.; Lang\vorthy, O. R., and Kolb, L. C: E.xpenmcntal Study of Gastric 

Activitv Released from Cortical Control, J. Neurophysiol. 4:274, 1941. , 

9. Pilcher, C.; Wyatt, T. E., and Carney, H. M.: Infarction of the Brain with Cniiatcr. 
Circulatory Changes, Arch. Neurol. & Psychiat. 45:321 (Feb.) 1941. 




Fig. 4. — Minnie B., a 46 year old woman, twisted her ankle. She immediately complained 
01 severe, continuous pain. At an emergency station a fracture of the fibula was diagnosed. 
A posterior molded splint was applied. Two weeks later another cast was applied. After 
the second cast had been worn for five weeks, adhesive strapping was used. She still had 
continuous pain and could not bear weight on the foot. Because of the disproportion between 
the pain and the solidly healed fracture, malingering was suspected. A general anesthetic was 
given, and during the first stage moderate pressure, which elicited a painful response, was 
applied to the injured ankle.. At the time she was first seen by one of us (.D. S. M.) the 
loot was in a pronounced equinus position, the skin was glossy and cyanotic and the ankle was 
^yollen._ There was an increased growth of hair on this area, and the nails were ribbed. 
The patient refused all therapy and at tlie time of writing remains incapacitated. 



. 'S. o. — Roentgenograms of Minnie B. taken two years after she suffered a sprained ankle 
1 1 a fracture of the fibula. The bones of tlie left foot show a diffuse osteoporosis and a 
Q^ound glass” appearance. Roentgenograms of botli hips and of the spine showed a moderate 
'n osteoporosis was first visible two months after the injury and was first a 

-potty t\-pe of atrophy, which gradually became diffuse. 
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postulated by Toennies,^® but its existence is denied by Dole and Morison.” In C 
the efferent sympathetic vasoconstrictors have been activated, but vasodilatation is 
also possible through the s)TOpathetic outflow. 

It seems to us that, as was shown b)'' Albert in 1924 for the dog, all trauma 
results in vasomotor reactions which, unlike the much emphasized refle.x vasocon- 
strictions, are predominantly vasodilator. Applied to the present problem of 
Sudeck’s atrophy, the vasodilator reflexes first predominate, but may give way later 
to vasconstriction. 

In figure 7 we illustrate the axon reflex more in detail. Its persistence and 
gradual spread is consistent with the clinical picture of Sudeck’s atrophy. In this 
diagram the stimulus b is shown to spread centripetal ly to the ne.xt division, from 
which it travels centrifugally, but it also travels in a centrifugal direction from the 
point of stimulation. This t 3 'pe of spread would explain the observation of Tinel,’'' 
confirmed by Sir Thomas Lewis, that blocking or sectioning of a peripheral nerve 
distal to the source of irritation may bring relief. 



A. Axon reflex B. Dorsal root efferent fiber- 
C. Ant. root efferent fiber 

Fig-. 6. — ^Vasomotor reflexes of the e.xtremities. 


THE VALUE OF SUCH A WORKING HYPOTHESIS 

The diagrams shown have a definite value in outlining treatment. If 
syndrome is recognized within the first few weeks, when osteoporosis is not even 
present, the repeated block of the local area, together with satisfactory immobiliza- 
tion, may abort the disease. It is a curious fact that men like Bdliler,^'* who 
strictly immobilize most injuries but encourage early weight bearing and active 
motion, either have not seen the s)mdrome under discussion or have not deeme 
it worthy of mention. The early control of continuous nerve stimulation seems. 

10. Toennies, J. F. : Reflex Discharge from the Spinal Cord over Dorsal Roots, J. Neuro 

physiol. 1:378, 1938. . . r 

11. Dole, V. P., and Morison, R. S. : A Note on the Question of Reflex Activation 
Dorsal Root Dilators, Am. J. Physiol. 130:304, 1940. 

12. Albert, F. ; Ltude experimentale des troubles vaso-moteurs reflexes d'origine tra 
matique, Arch, internat. de physiol. 22:391, 1924. 

13. Tinel, J.: Le systeme nerveu.x vegetatif, Paris, Masson & _Cie, 1937. T 1 rougli 

14. Lewis, T. : E.xperiments Relating to Cutaneous Hyperalgesia and the Spread ’ 

Somatic Nen-es, Clin. Sc. 2:373, 1936, , -iVIhelm 

15. Bohler, L. : Treatment of Fractures, translated by M. E. Steinberg, Vienna, * 
^faudrich, 1929. 
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then, of importance. It is more dinicult to c.xplain the value of repeated sympa- 
thetic blocks, althoujih clinically there can he no doubt about their efficacy in early 
stages. The same difficulty is encountered in c.xplaining the benefit of sympathec- 
tomy for patients with the more advanced conditions. There are three possiide 
explanations which need to be e.xamincd. 

First, it is possible that the painful stimuli which give rise to vasodilatation 
travel centripetally in the sympathetic fibers. It is true that a sympathetic block 
promptly abolishes the causalgia or burning ]iain of this .‘syndrome, but it does not 
abolish the vasodilatation. Tlic pain, then, is not due to vasodilatation, at least 
not to the kind that results from blocking the vasoconstrictors. It would seem that 
afferent sympathetic fibers, whose e.xistence in the periphery is denied by the great 
majority of investigators, are not involved. 



Fig. 7. — The axon refle.x shown in figure 6 is reemphasized in this diagram. The stimu- 
lation of the nerves results in the production of pain-producing substances. Unless somatic 
sensorj- nerves are capable of antidromic conduction, such phenomena postulate the existence 
ot posterior root efferent fibers, a theorv which is supported by the persuasive evidence of 
t oennies.io 


The second possibility is that the vasodilatation in Sudeck’s atrophy is trans- 
mitted by efferent vasodilators in the sympathetic nervous system. There is no 
aoubt about their existence in man.^® However, if this mechanism were operative 
9ne would expect a decrease of blood flow after sympathectomy, whereas the increase 
m blood flow persists in spite of the relief from pain. 

The third possibility is that the vasodilator efferent fibers of the posterior root 
which are stimulated directly or reflexly by the injuni-. secrete a pain 
substance w hich is diffusible and which would e.xplain the peculiar type of hyper- 

, Lewis, T., and Pickering, G. W. : Vasodilation in the Limbs in Response to Warming 
l^ody, with Evidence of Sympathetic Vasodilator Xerves in Man. Heart 16:35. 1931. 
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esthesia encountered in Sudeck’s alroph}'. These filjers correspond to the “noci- 
fensor system” of Sir Thomas Lewis.'* S)mipatIicctomy, then, would not interfere 
with an)’’ nervous pathway but might “wash out” or eliminate the pain substance.'’ 
Similarly herpes zoster, which is due to an irritation of the posterior root system, 
can he rendei'ed painless and made to heal after paravertebral block.'® 

We have no conclusive evidence for the last explanation hut have used it as a 
woi'king hypothesis. It may be tliat sympathectomy, as Hyndman and Wolkin 
recently stated, results in capillary constriction and thus eliminates some of the 
vasodilatation, but this would hardly explain the relief of pain that this operation 
afFoi'ds. 

TREATMENT ’ 

For the disease in the early, mild stage, sufficient immobilization and repeated 
infiltrations of procaine hydrochloride into the injured area seem almost specific. 
When the neuralgia has spread beyond the site of injury, the glove or stocking 
type of hyperalgesia may be successfully treated by paravertebral injections of 
procaine hydrochloride. As Homans pointed out, these injections may give reliet 
for a longer and longer period until the pain is entirely' abolished. When sympa- 

Table 3. — Results of Treatment in Stideck’s Atrophy 


Type of Treatment 

Cast, splint, physical therapy 

Repeated procaine block 

Repeated sympathetic block 

Periarterial sympathectomy 

Perivenous stripping 

Sympathetic ganelionectomy 

No treatment 

Total 

* Complete recovery, restoration of function; partial recovery, cessation of pain vitb limitation of 
function; no recovery, stationary or deteriorating physical or mental status. 

> . . 

thetic block abolishes the symptoms but they recur with undiminished intensit) 
after a few hours or. days, sympathetic ganglionectomy is not to be postponed. 
There is, finally, a group of cases of a severe, intractable form of the disease 
associated ’with compensation neurosis, drug addiction and mental imbalance wliic ' 
may be caused in part by continuous suffering, for tvhich treatment is of no aval . 

Table 3 summarizes the various forms of treatment employed. Since some 
the patients were seen late, after contractures, ankylosis and severe osteoporosis ha 
developed, the efficacy of treatment cannot be judged without considering the stage 
of the disease at the same time. Generally speaking, conservative treatment nia) 
lead to a slow, spontaneous regression of the disease with cessation of pain au 
recaicification of bone; however, the changes in the joints and the shortening of the 
tendons allow only a partial recovery. Repeated block with procaine hydrochlon e 
was employed in only 1 case, in which today we should prefer sympathetic biocK- 
Periarterial sympathectomy resulted in complete recovery in 2 cases and partia 

' I ^ 

17. Cask. G. E., and Ross, J. P.: The Surgery of the Sympathetic Nervous System, e 
Baltimore, William Wood & Company, 1937. 

18. de Takats, G., and ^liller, D. : Unpublshed data. . 

19. Hyndman, O. R., and Wolkin, J. ; The Autonomic Mechanism of Heat Conscr%. 

and Desiccation; I. Effects of Heating the Body, Am. Heart J. 22:289, 1941. ■flT-932. 

20. Homans, T.; Elinor Causalgia Following Injuries and Wounds, Ann. Surg. 

1941. 
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recovLTv in 1 cast-, but with iiicrcnsinir experience we would jjrefer repeated sympa- 
thetic blocks for tlicsc jiatients. rerivenous stripping in 2 ]iatients sulTering from 
reflex dystro])hies following venous occlusion lias been successful. Sympathetic 
sTt'tglioncctomy gave excellent results in 5 and fair results in 3 patients. In the 
latter group, I operation was incomplete ; in the other 2 cases changes in the joints 
and tendons were so far advanced that orthopedic correction became necessary. 

Of the 8 patietits who obtained no relief, 4 were treated conseiwatively and 4 
refused any type of treatment. Two of this group are in closed institutions, 2 could 
not be traced and 4 have litigations pending. 

CONCLUSIONS .\ND SU-MMARY 

It is our imprc.ssion, on the basis of clinical observations, studies on blood flow 
and results of treatment, that the syndrome of Sudeck’s atrophy is the result of a 
chronic stimulation of somatic and possibly of efferent vasodilator fibers ; the reflex 
may soon subside, or it mav become chronic and progressively increasing in its 
effects. Pain, localized and spreading, vasodilatation and osteoporosis characterize 
the fully developed svndrome. but ostcojiorosis is a comparatively late manifestation. 
In tact, reflex dystrophy is most amenable to treatment in the earl}' weeks and 
months : it becomes more intractable and requires more and more radical interven- 
tion if early treatment is not instituted. The trauma which it follows is usually a 
hlunt injun,- near a joint or a nerve trunk, such as the interosseous, the saphenous 
or the posterior tibial nerve. The part is often inadequately immobilized. The 
emotional status of the patient may well exaggerate these phenomena, as cortical 
release often does in case of autonomic reflexes. 

The treatment must fit the duration and severity of the syndrome and consists 
of repeated injections of procaine hydrochloride into the injured area, paravertebral 
sympathetic block, periarterial sympathectonn- and sympathetic ganglionectomy. 
Orthopedic correction may be needed in the cases of advanced atrophy after the 
pain has subsided. 



SOLITARY BENIGN ENCHONDROMA OF BONE 
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NI'.W YORK 

B}) solitaiy benign cnchondroma of bone we mean the benign cartilaginous 
growth which begins its development in the interior of an affected bone and 
involves only a single bone in any 1 subject. Our records include 28 instances ‘ 
of this type of lesion, and the discussion which follows is based largely on these. 
To judge from our experience, the lesion appears mainly in phalanges (particu- 
larly those of the hand), in metacarpal bones and in the humerus and femur, 
though other bones of the limbs are occasionally the site. Although our own cases 
do not include any in which the lesion was in a bone other than one of a limb, 
it should be noted that instances of such localization have also been reported. 

A benign enchondroma may be present in the interior of a bone without 
causing any obvious distention. However, it is not unusual to find, especially 
if the lesion is in a short tubular bone (phalanx or metacarpal or metatarsal bone), 
that some part of the affected area is distended in consequence of thinning and 
bulging of the overlying cortex. Still, the mere fact that the central cartilaginous 
growth has strongly bulged out the overlying cortex for some distance should not 
lead, as it often does, to clinical misinterpretation of such an enchondroma (central 
chondroma) as an osteochondroma (osteocartilaginous exostosis). 

For a long time it has been known that a benign enchondroma may undergo 
malignant transformation into a chondrosarcoma. This is by no means a rare 
occurrence in connection with an enchondroma in a long tubular bone. Indeed, 
a number of cases of central chondrosarcoma of such a bone which we have 
studied we have been able to trace the evolution out of an originally benign 
central chondromatous lesion. The transition is usually slow, and indeed yeats 
may elapse before one is finally faced Avith an obvious chondrosarcoma. 

Most of the contemporary papers dealing rvith solitaiy benign enchondioma 
present accounts of single cases or at most 2 or 3 and stress the clinical detai s 
and often particularly the relevant sui'gical procedures rather than the pathologic 
changes. From some of the reports it is impossible to tell whctlier a paiticuai 
case actually represents an enchondroma (central chondroma) or an osteociion 
droma (osteocartilaginous exostosis). Often an article does not even contain 
a statement as to whether a given enchondroma (or, more vaguel}'’, chondioinaj 
discussed was a solitary lesion or was associated rvith similar lesions in o i 
skeletal parts. That is, cases of solitary enchondroma are sometimes not dis m 
guished from cases of d3'schondroplasia (skeletal enchondromatosis; Olhers is 
case). Finally, one is sometimes unable to decide on the basis of the infonna loi^ 
reported in a paper whether a given lesion is still a benign enchondroma or, 
one suspects from the general picture, has become a chondrosarcoma. 

From the Laboratory Division, Hospital for Joint Diseases. ' . ju 

1. Since the time of writing, we have studied 2 additional cases. In 1 case, the 
the terminal phalanx of the third finger of a woman of 37. In the other, it was in 
metacarpal hone of a girl of 19. pit be pnh- 

la. Lichtenstein, L., and Jaftc, H. L. : Chondrosarcoma of Bone, Am. J. Pat i-. o 
lished. 
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It is our iiitoiuion in llii> pajicrr (1) to skclcli llu“ clinictil and roL'nt,"onograpliic 
findings in cases of solitary benign cnchondroina : (2) to consider tlic patliologic 
(and especially the cytologic) structure of the lesion; (3) to indicate the cytologic 
changes which appear if the lesion is undergoing Iransfonnation into a cliondro- 
-sarconia. and (4 ) to point out the hearing of these various considerations on the 
nianagenient of pertinent cases. 


Cr.IKICAL ASlMtCTS 

•S^e.r and .lac Incidt'iicr . — Of the patients in onr series of 28 cases. 12 were 
males and 16 females; that is, there seems to be no significant sex dilTercnce in 
incidence. In resjx^ct to age of the patients at the time of admission to the 
hospital for treatment, only 1 was under 10 and only 1 over 50 years of age 
I'hile 16 were between 11 and 30 and 10 between 30 and 50. As to age at onset 
ot the complaints, it appears that the history was sometimes one of onlv a few 
01" nionths but sometimes one of many years, irrespective of the age on 
admission. It should be pointed out, however, that in connection with involve- 
ment or a humerus or femur (as compared with the involvement of other bones) 
le interval between the onset of clinical manifestations and the time of admission 
consistently short. Except in 1 instance, in which it was one and one-half 
-^3rs, It uniformly amounted to only some weeks or months. Possible this is 
xplicable through the greater disability involved and the consequently greater 
ention given when clinical manifestations start to appear in relation to long bones. 
Localization. — Apparently, as already noted, solitary benign enchondroma 
las a predilection for limb bones. As to the site of the lesion in our 28 cases. 

_ iis Was a finger phalanx in 13. a metacarpal bone in 5. a humerus in 5, a femur 
jn a, a toe phalanx in 1 and a metatarsal bone in 1. Indeed, the lesion is found 
m bones of the hand in particular, and our findings in this respect are in harmony 
i^ifh those of IMason.- Evidently. to judge from our material, which seems fairly 
, ^presentative, localization of the lesion in a toe phalanx or a metatarsal bone 
to common as certain blanket statements in the literature would lead one 

£beve. If these blanket statements are checked against actual case reports, it 
appears that relativeh' few of these reports relate to lesions in toe phalanges or 
metatarsal bones. As to localization in long tubular bones, however, our findings 
^re m accord with those reported in the literature in suggesting that among these 
m humerus and femur are the most likeh' to be affected. In regard to involve- 
_ lent of ribs, pelvic bones, vertebrae or skull bones, which is by no means common. 

I often difficult to be certain of the point of origin and the real nature of the 
j is pointed out by Menne and Frank,^ for instance, in respect to certain 

’ondrotnas in bones of the skull. 

in enchondromas of short or long tubular bones begin their development 

le metaphysis as a rule, although by no means always (see footnote 4). A 
norf ^ beginning within a metaphysis may eventually involve a large 

the '"ff extend into the corresponding epiphysial end of 

means necessarily grows into the adjacent epiphysis, 
ii'ith'^tr*^' apparently does not do so in any case until the epiphysis has fused 
le shaft ; that is, it does not tend to violate the epiphysial cartilage plate. 

prevailing view, benign enchondromas of bone arise from 
Uibid I ^‘^sts. In relation to lesions developing in the metaphysis of 

, — bones, the source of these rests is generally stated to be cartilage snared 

3 "^aaiors of the Hand. Surg.. Gynec. & Obst. 64:129 ('Feb.') 19.i7. 

k*tolarviirf''ne Frank. . tV.: So-Called Primarv Chondroma of the Ethmoid. Arch. 

2S:17o (.-\ng.-) 1937. 
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off from an epiphysial cartilage plate. 'I'hc principal ha.sis for this conception 
has been that at autopsy in cases of healing rickets foci of cartilage apparently 
derived from the cartilage plates have been found in the mctaphyscs of tubular 
bones. 

Possibly even in persons who have not had rickets, cartilage apparently derived 
from the cartilage plates may be found persisting in the metaphyses, even into old 
age. Indeed, Scherer,^" from Schmorl’s laboratory, stated that lentil-sized to cherry- 
pit-sized cartilage rests were found in the right femur in 20 of 1,125 cases (1.7 per 
cent) in which this bone was routinely removed and examined. The subjects were 
all over 25 years of age. The rests were found in the metaphyses of the femur, at 
most a few centimeters from an epiphj'sial cartilage plate, with a heavy predilection 
for the upper metaphysis. The rests usually showed considerable evidence of 
regressive change, the cartilage having undergone a good deal of calcification and 
cystification in some cases and even heav}' ossification in others. Undoubtedly, 
many cartilage rests, after undergoing involution, may eventually completely dis- 
appear. However, Scherer cited the case of a woman of 5S in whom, as an 
incidental finding at autopsy, an enchondroma measuring 8.5 cm. in length was 
noted in the upper metaphysis of the right femur. This lesion was believed to 
have evolved out of a rest such as those just mentioned which subsequently under- 
went a spurt of growth instead of regressing completely or at least remaining static. 
This case was presented by Scherer as evidence in favor of the view that solitary 
benign enchondroma may originate from a cartilage rest snared off from an epi- 
physial cartilage plate. 

Clinical History . — A common history in the cases of phalangeal involvement 
was that the patient was not aware of anything wrong until a local trauma was 
followed by pain and swelling and a roentgenogram revealed an altered phalanx 
with a pathologic fracture. On the other hand, some patients gave a history of 
a spontaneous, not particularly painful or only intermittently painful swelling ot 
the region of the affected phalanx, dating back perhaps several years but recently 
exacerbated by a local trauma. The general mildness of the clinical complaints 
is further attested by the fact that the condition often ran through several episodes 
of local trauma and disability, indicating repeated fractures through the aftecte 
phalanx. On examination, one can usually palpate at least a- limited enlargement 
of this phalanx. The enlarged region is likely to be rather firm, and if there has 
been a recent fracture through the area there may be considerable local tendei 
ness and even some heat. 

The history patterns in the cases of involvement of metacarjral and metataisa 
bones were essentially the same as in those of phalangeal involvement. The patients 
usually also presented a local swelling of the affected bone, and when there was 
pain (apparently from a fracture) after trauma the pain subsequently subside 
though the swelling persisted. 

In the cases in which long bones were affected, the clinical complaints, as alread) 
noted, were usually of rather recent date. Nevertheless, it seems probable tliat m 
these cases the lesion had been present for a long time, often for years, thong i 
latent, before the onset of manifestations. Thus, for instance, in 1 patient, a 
physician, the lesion was discovered by chance seventeen years before it hep” 
to cause any trouble, and then the difficult}’', of two and one-half months’ staiidin.g, 
ensued when a pyogenic infection became superimposed on tlie enchondroma m a 
femur. Another patient, a woman who showed in a femur a heavily calcine 

3a. Scherer, E. ; Exostosen, Enchondrome und iiirc Bezichtinp: zum Pcrio.it, Fraiihiiirt- 
Ztfchr. t. Path. 36; 587a 1028. 
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encliontlronia which inu?t liavc been in existence for many years, presented Iierself 
only because of local j^ain of six months' duration aggravated by walking and 
possibly attributable to a new spurt of growth of the lesion. Still another jiaticnt. 
a young girl wlio presented an extensive lesion in a humerus, was admitted because 
of pain, tenderness and disability attributable to a pathologic fracture ten days 
previously, hut she stated that a year before there had been a fracture through 
the same area, which had healed promptly.'* 


ROEXTGEXOGRAPHIC FIXDIXGS 


Phalanges . — lu idialanges (fig. 1 A, B, C, D and E), the lesion appears as a 
more or less oval rarefaction shadow. This may be situated centrally within the 
affected bone and may even fail to cause distention of the neighboring cortex. 
On the other hand, it may be situated off to one side (eccentrically) and may 
even cause a pronounced bulging distention and thinning of the overlying cortc.x. 
Those enchondromas which are situated eccentrically usually show a delicate 
radiopaque line where they abut on the uninvolved portion of the phalan.x. The 
raretaction shadow as a whole usually looks more or less cloudy and mav present 
a vaguely trabeculated appearance and even densifications ranging in size from that 
of a pinhead to that of the head of a match. These densifications reflect foci 
ot ossification in the cartilage and constitute telltale indications of an enchon- 
droma. Frequently, one can note evidence of a still unhealed fracture. As also 
shown by these roentgenograms, as long as the epiph}-sis has not fused with the 
shaft, the former is not involved, and even after fusion the epiphysis is not neces- 
sarily invaded. 

Solitar)' benign enchondroma is by far the most common and indeed the prin- 
cipal solitar}’ lesion affecting phalanges. In fact, any lesion situated in a middle 
or pro.ximal phalanx of a finger and presenting anything like the roentgenographic 
picture described and illustrated is almost certainly a benign enchondroma. Never- 
theless, a benign enchondroma is not infrequentlj' misdiagnosed roentgenographically 
as a cyst, a giant cell tumor or an osteochondroma. As already pointed out else- 
\vhere,“ solitary bone cyst of the t5'pe commonly occurring in long tubular bones 
rarelj- (if ever) occurs in phalanges, and indeed we ourselves have never seen it 
m the latter. As to giant cell tumor, in the strictly limited sense in which we 
nnderstand this lesion,® we have never observed it in a phalanx, though we must 
allow for the bare possibility’ of its occurrence in such a bone. At any rate, in 
tubular bones it seems never to start its development elsewhere than in the 
epiphysial end of the bone, in contrast to enchondroma. which practically always 
starts its development in the metaphysial shaft region of such a bone. An 
enchondroma which has conspicuously distended part of the cortex may be mis- 
tnterpreted as an osteochondroma if attention is concentrated on the bulge to 
the neglect of the appiearance of the interior of the bone. 


. . e have not included in this paper a case of solitarj- benign enchondroma in which the 
csion began its development in an epiphysis and was confined to the latter. It seems expedient 
to give it at least brief mention. The lower epiphysis of a femur was the site of the lesion, 
and the patient was a child of 1 Vi j-ears at the time of admission to the hospital. It is interesting 
that during tlie subsequent four years, before the lesion was resected and while it was enlarging 
until it occupied practically the entire condyle, it did not break through the plate and extend 
nitO' the shaft. The lesion was originally treated by irradiation, witliout benefit, and indeed 
'c growtli even continued to enlarge under this treatment, although the irradiation was 
conducted strictly along accepted lines. 

3. Jaffe, H. L., and Lichtenstein. L. : Solitary Unicameral Bone Cvst. .Arch. Surg. 44:1004 
(.Tunc) 1942. ' 

-Inffe, H. L. ; Lichtenstein, L.. and Portis. R. B. : Giant Cell Tumor of Bone. .Arch. Path 
30:993 (Xov.) 1940. 
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'J'hc only two solitary lesions which occur in phalanges (though rarely) and 
which may also simulate enchondroma rocntgcnographically are squamous epi- 
thelium-lined cyst ancl ossifying frbroma. JUpithelium-lincd phalangeal cyst ' seems 
to occur exclusively in terminal phalanges of fingers and indeed nearly always 
in the terminal half of such a ])halanx, a site which is rare for benign cnchoiulroina. 
When occurring in digits, ossifying fibroma (osteogenic filu'oma), so far as 
our experience is concerned, is likewise located in terminal phalanges, but of toes, 
not of fingers, a location again extremely rare for a solitary enchondroma. 

Metacarpal and Metatarsal Bones . — In regard to mefacar])al and metatarsal 
!)ones (fig. 1 P, G and II), the roentgcnographic findings are essentially similar 
to those in regard to phalanges. It is to he noted, however, that in metacarpal 



Fig. 1 . — /!, li, C, D and E, roentgenograms from 5 didercnl cases, 
roentgen aspects of solitary l)enign enchondroma in plialungcs, as discussed in tlic tex . 
nature of all these lesions was verified by examination of the tissue. G and / > ( 
geuograms from 3 different cases, illustrating various aspects of solitary benign cnciom 
in metacarpal hones, as discussed in the text. The nature of all these lesions was veiiit 
examination of the tissue. 


instead 


or metatarsal bones the enchondroma tend.s to l)c more or less iii the distal 
of the ])roximal part of the shaft, tiiough it is thus still oriented Iowan 
epiphysis of the hone. The remarks on the diflcrcntial diagnosis so fai 
])ertain to solitary unicameral cyst, giant cell tumor and osteocbondioina 

metatarsal as to phalangeal enchondroma. I-pd 


d the 
they 
appl'' 


as closely to metacarpal or 


lined inclusion cyst apparently does not occur in a metacarpal or 


mefatar.sal bone. 

7 Itisscl, D., .•iiid i’ruuschwig, A.: Sfju.nmous Epithelial poiic Cy.‘'(s jo8;l7()J 

Phalanx ami Ilcnign .Suhnngnal Siinanious Epitliclial Tumor of Finger, J. 

Ofay 15) 1937. 
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Ossifying fibroma (osteogenic fibroma) or a solitary focus of fibrous dysplasia,® 
however, apparently occasionally docs occur in a metacarpal or metatarsal bone. 
Roentgenograpliically. such a lesion in a metacarpal bone could simulate an enclion- 
droina quite closely. Merely on the basis of probability, however, the likelihood 
IS greater that one would be dealing with cncliondroma. the latter being the 



2. — ^Roentgenograms illustrating various appearances presented bj- solitarj- benign 
nchondroma in long bones and verified by examination of the tissue. In A, the presence of 
spots and blotches in the metaphysis and the rest of the shaft is already strong 
ence in favor of the diagnosis of enchondroma. In B, the same is also true, and the 
^nt (a physician) knew of the presence of this lesion for seventeen years. (Figure 45 
"s c^cifying cartilage from one of the radiopaque areas.) In C, the roentgenographic 
picture is ambiguous. Specifically, the roentgenogram is more strongly suggestive of fibrous 
of^h of enchondroma. In D, too, the diagnosis would be difficult to make on the basis 

r (oentgenogram alone. (Figure o 5 represents cartilage tissue taken from the area of 
aachon.) E shows the roentgenogram of a strictly central calcifj'ing and ossifying 
tW^ lower part of the shaft of a femur. (Figure 3 A represents tissue from 

th ^ ^ ^ shows a highly calcified and ossified enchondroma invoh-ing the upper end of 

wa humerus. At the time this roentgenogram was taken, the lesion 

, .^'I'cady beginning to undergo transition into a chondrosarcoma. (Figure 5 represents tissue 
nined from this lesion on two occasions ten months apart.") 


• ^lohtenstein, L., and Jaflfe, H. L. : Fibrous Dysplasia of Bone; A Condition Affecting 
of Bones, tlie Graver Cases of ^^’'hich May Present Abnormal Pigmentation 

Premature Sexual Development, Hvpcrthyroidism, or Still Other Extra=keletal 
normalities. Arch. Path. 33:777 (Tune) 1942. 
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bones in question. Should the lesion present stippled 
encho°ndroma^'^^^’°”’ evidence of its actually being an 


been said 

• J.-JJ tf ^ mgs m enchondroma of a phalanx or a metacarpal bone 

,-c n I ^ ‘considerable part of the shaft may be involved, and the 

fhnt tli I f ^ to be more strictly central. If the cortex does bulge, it is probable 

of snnH V nr^l 1 ^ 1^-c bmited to a relatively small area. The presence 

,‘ P ^ ^ o c ly calcification points rather definitely in the direction of an 

-o a few Scattered pinhead-sized to match-head-sized 

flip -nrp oosi ca 1011 would point in that direction. On the other hand, when 
rlJary^ scncc 0 la lopaquc spots is doubtful or when they are absent entirely, the 
d agnosis of enchondroma cannot be made with any confidence. Especially if 
f solitary) also appears somewhat expanded and trabeculated, 

the strongest likelihood is that it represents a solitary focus of fibrous dysplasia, 
ano er, lough weaker, possibility is that it represents a solitary unicameral 
bone cyst rather than an enchondroma. 


PATHOLOGIC ASPECTS 

• f does not often have the opportunity of examining a solitary enchondroma 
intact m its setting, for-ordinarily the gross material available from a lesion consists 
mere y o^ fragments of cortex from the site of surgical entry and curettings from 

^ 90 area of bone. The material consisted of these in all 

• , ? . ° cases discussed here. In these 2 ® cases intact lesions were exam- 

• ^ j *1^ ^ surgically extirpated metacarpal bone and the other in a surgically 
resected lower end of a femur. 

I extirpated metacarpal bone showed general bulging of the contour of its 
snatt anteriorly, exaggerated on the distal half by two distinct hemispherical bulges, 
sma er and a larger one. Sectioning of the bone in both the longitudinal and 
transverse axes revealed that the marrow cavity of the shaft was substantially 
\\n y tumor tissue, which in general was bluish white and faceted. 

leie t e contour of the bone was distended, it could be seen that tumor cartilage 
was bulging forward under an attenuated cortex. In the region of the two humps, 
bad been reduced to paper thinness. 

e specimen from the lower end of the femur showed when sawed sagittally 
an eccentrically situated tumor mass of the size of a large walnut. The tumor 
'’’^ggcd the cortex on one side but did not distend it and was so located also tliat 
about halt of its mass was situated in the lower end of the diaphysis and half 
extended into the epiphysial end of the bone. The tumor was so highly calcified 
an ossified that it appeared, on the whole, yellowish and gritty, though islands 
o t^sue clearly recognizable as cartilage were still in evidence. 

n the basis of the material from the other cases, it can be said in genera! 
t lat t e fragments of cortical bone will be found thin and even shell-like if the} 
come rom an affected area where the cortex has been bulged out, as is com- 
mon y the case wdien the lesion is in a phalanx or a metacarpal or metatarsal 
lone. On the other hand, the cortical fragments may show but little thinning 
b they come from a lesion rvhich has failed to bulge the cortex, a state 
of affairs not uncommon when a long tubular bone is affected. The medullary 
sur ace of the cortical fragments, whether they are only slightly or greatly thinned. 
usua } sho w s some erosive ridging and grooving. The periosteal surface i- 

... 2 spccirnens are from the collection of pathologic material preserved by d’C 

1 ‘nnesc pa lo ogist Jacob Hrdheim and now housed in the laboratory of this ho.spital. 
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ordinarily found smooth and without evidence of apposition oi new i)one unless 
the cortical fraepnents have come from a site of recent infraction. 

The tissue "obtained by curettement from the interior of the lesion consists in 
some cases almost entirely of faceted bits of bluish white, firm or even some- 
what myxomatous hyaline' cartilage. However, such lesions may also yield some 
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F'g. 3.— -Photomicrograph (x 80) showing the architecture of the lobules of cartilage, 
tTv ' section are undergoing calcification and ossification, especially about the periphery, 

t f his tissue represents some ‘of the less hea\-ily calcified cartilage curetted from the lesion 
' ustrated in figure 2E.) B, photomicrograph (X 240) showing hyaline cartilage tlie cells 
which are surrounded by lacunas. C, photomicrograph (x 240) showing cartilage whose 
mtcrcellular material is edematous and mucoid and whose cells no longer lie in clearcut lacunas. 
- ote that in botli A and B there seem to be no binuclear cells and the cell nuclei are relatively 
fniall (compare with figure 4 C and D, which are from chondrosarcomas). 
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bits of dull white cartilage and 3'ellowish, dcfinitch' grittj' tissue representing heavily 
calcified and even ossified cartilage. On tlic other hand, the curettings from 
still other lesions may consist mainly of obviously calcified and ossified cartilage 
and may be only mcagerly interspersed with islands of hyaline cartilage. 

Calcification, and also ossification, of a chondroma is best interpreted as a 
process of regression or aging or even of healing. In our cases it was more 
pronounced, on the whole, in the lesions involving long bones, especially of adults. 
It was also moderately pronounced in some of the lesions in phalangeal and 
metacarpal bones, especially of the middle-aged adults. Apparently it can be 
induced artificially by intense irradiation of the lesion. 

Microscopically, too, the tendency of the cartilage tissue to be divided off 
into fields or lobules (fig. Z A) is of course apparent, though more so in some 
specimens and in some areas than in others. Frequently the facets of cartilage 
are separated by clefts, and it is not difficult to deduce from comparison of different 
fields the course of evolution of these spaces. They arc formed at sites of swell- 
ing and fusion of cartilage cell lacunas associated with disintegration of the cells 
within. Eventually many of the spaces thus created are invaded by blood vessels. 
If the cartilage immediately bordering on the spaces becomes calcified or ossified, 
the space may even come to contain some fatty and myeloid marrow. Further- 
more, the individual benign enchondromas vary in respect to cellularity. Some 
are rather rich in cells; others are relatively poor, and still others show iriter- 
mingled richly and poorly cellular areas. 

In part or throughout, the intercellular ground substance may be hyaline. 
When it is, the cells, as a rule, lie in lacunas, many of which may be fairly large, 
and a lacuna does not usually contain more than one cell, though some lacunas 
show two and an occasional one may'’ show even a nest of cells (fig. ZB)- 
some areas the intercellular substance may appear edematous or even mucoid, 
and where it does the cartilage cells tend no longer to be surrounded by lacunas 
and their cytoplasm is found multipolar or stellate (fig. 3 C). Apparently an 
early stage of this regressive process is represented by unmasking of the collagen 
fibers and an acidophilic-staining tendency of the ground substance. 

In sections stained with hematoxylin, such ground substance as is under 
going calcification will at least look dusty, in consequence of the presence 0 
calcareous granules in it (fig. 4 A). When the calcification is moi'e pronounce , 
the granules may be particularly conspicuous around lacunas and also at ti^ 
periphery of the cartilage lobules, especially where the latter border on 
lobular vascular spaces. Where tlie calcareous status is clearly pronounced, > 
cartilage cells may be found to have undergone necrobiosis or even to 1® 
disappeared completely (fig. 4B). Heavily calcified areas, especially where ticy 
border on the vascular spaces, may even undergo ossification by process 
metaplasia. 

In attempting to evaluate the benignity of a cartilage tumor, one should con 
centrate on the cellular elements and specifically on those in the viable and not 
heavily calcified areas. Also, one should avoid tissue from the immediate s) ^ 
of fractures. In representative areas the cartilage cells of a clearly benign enciioi 
droma will be found consistcntl}'^ small. Their cytoplasm is pale and often mor 
or less vacuolated, and its outlines are frequently indistinct. Their nuclei, ^ o^j 
are consistently small and are roundish and dark staining. Indeed, practice } ‘ 
of the cartilage cells of a benign enchondroma present essentially this J 

whether or not they lie in lacunas and irrespective of the size of the latter 1 _ 1 
do. Scanning many preserved fields from as many parts of the lesion 
one may find cartilage cells which, though small, contain two nuclei. I owe 
some lesions show practically no cells of this kind, while in othcr.s most 0 
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Fig. 4.--.'^, photomicrograph (x 240) showing heavy calcareous dusting of the intercellular 
niatenal of the cartilage. B. photomicrograph (X 76) showing an area of heavily calcified 
“'^5' •’‘Sp- C, photomicrograph fX -40) from a chondrosarcoma the cytologic structure of 
" nch is not yet crudely and obviously sarcomatous. D, photomicrograph (x 250) from 
another chondrosarcoma of the same kind. However, note tliat in both C and D the nuclei are 
p ump, and niany of the cells have plump double nuclei. Compare these illustrations with 
' sc ot Ix'iiign cartilage growths shown in figures 3 /> and C and 4 A. 
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fields will show none, but an occasional field will show one or two or even several. 
Such binuclear cartilage cells are cells in process of amitotic division, and a clearly 
benign enchondroma does not show cartilage cells in mitosis. 

Altogether, then, solitary benign enchondromas of bone vary in respect to 
degree of cellularity, distribution of the cells, presence or absence of lacunas 
about the cells and amount and character of the ground substance between the 


r 





w 








<r" 

* 4 

A 


♦ 

r 



V.- V / 





s W) 



■ / 



9 > 

\ 

' / 



B 


. . :-h:. _ 


Fig. 5. — A, photomicrograph ( X 240) of biopsy material obtained from the lesion 
in figure 2F. Note that there is only one cell containing two nuclei and pj,oto- 

these nuclei, as well as all the other nuclei shown, are small. Compare this wit i 

micrographs of other benign enchondromas (figs. 3 B and C and 4 A) shown under 
magnification. B, photomicrograph (X 240) showing a field from the sarne case as ' pjclds 
sented by A, but taken ten months later and specifically from the presection 
like it were found only here and there among the sections. Note the change m and 

of the cells, in particular the presence now' of cells with giant nuclei and muitip e 
the plumping of the nuclei even in the uninuclear cells. 

cells. What stamps the lesion as benign cytologically is the fact that the 
cartilage cells arc rather small and their .single nuclei definitely no P 
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While one docs find, here and tliere. sonic cells (still small) with two nuclei, 
one does not find them regularly in all fields, even in small numbers. (See, for 
instance, figures 3 B, 3C and 4 A, and compare with figures 4 C and 4 D, all 
of which represent the same magnification.) 

As already noted, benign cnchondroma (especially in a long tubular hone) 
sometimes undergoes malignant transformation. As a benign growth, the lesion 
may have been present for many years and may even have been entirely symp- 
tomless until there was a change in its nature. Prior to its revivescence and 
malignant transformation, the enchondroma may even have become extensively 
calcified and ossified. The evolution of a chondrosarcoma out of a benign enchon- 
droma, though sometimes rapid, is usually an e.xtremely slow process. Early 
in this evolution, cytologic evidence of change in the direction of malignity is 
already present.'** However, at this stage, as we have shown more fully else- 
tvhere,' the significant cytologic aberrations are by no means obvious and further- 
more are usually present only in scattered fields. To recognize them, one has 
to take due cognizance of the characteristic cytologic pattern of the benign lesion 
as described and watch for such deviations from that pattern as the presence of 
more tlian an occasional binuclear cell and a general plumping-up of the nuclei. 
If one finds, even if only in scattered areas, many microscopic fields showing 
several or more binuclear cartilage cells, or many cartilage cells with plump nuclei, 
and especially any cartilage cells containing large or multiple nuclei, the growth is 
no longer a clearly benign enchondroma. It may not be until much later, how- 
ever,- that the histologic picture of the lesion is that of a crudely obvious 
chondrosarcoma. 

In a pertinent case in which the upper end of a humerus was involved, the 
initial surgical inten-ention was removal- of tissue for biopsy, which seemed to 
confirm the clinical diagnosis of a calcifying and ossifying enchondroma (fig. 
2F). However, after the removal of tissue the patient experienced increasing 
pain in the affected area and increased loss of function, and it was evident from 
comparative roentgen examinations that the lesion was growing, slowly but 
steadily. For these reasons, ten months after the operation the upper end of 
the himierus was resected and the defect filled in by insertion of a substantial 
portion of the upper end of a fibula. Reexamination and comparison of the 
biopsy and resection specimens (figs. SA and SB respectively) leave no doubt 
that one was dealing witli a chondrosarcoma in the early stages of its evolvement 
out of a benign enchondroma. However, the patient has shown no recurrence 
during the subsequent four and one-half years. 

TRE.-\TMEXT AND PROGNOSIS 

In general, the treatment of choice for solitary benign enchondroma of bone 
IS surgical. It consists specificall}- of curettement, perhaps followed by chemical 
cauterization and, in addition, under appropriate circumstances, collapse of the 
distended part of the cortical wall and introduction of bone chips or insertion 
ot a solid bone graft. Of the 14 phalangeal lesions, some were merelv curetted, 
some were curetted and cauterized and some were curetted and filled with bone 
chips, sometimes after and sometimes without cauterization. No recurrences were 
noted in any of these -cases, and healing was prompt and uncomplicated in all 
01 them except 1. In that case, a course of preoperative irradiation therapv had 
been given. The precise dosage which was used is not known to us, but the 

10, Burack. P. T.: Ossilvinp: Pndiondroma of Head of Humerus. Bull Hosn Joint Di^^ 
!:■> (March) 1940. 
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patient stated that she had I'eceivcd “10 x-ray treatments of the lesion, without 
benefit.” After the operation, the wound suppurated .slightly and a number of 
the bone chips which had been inserted were sequestrated. One cannot, of course, 
be sure that this complication was ascribable to the preoperative irradiation, but 
that, in general, heavily irradiated lesions in bone subsequently operated on are 
particularly susceptible to infection is well known. 

Of the 6 lesions in metacarpal and metatarsal bones, 5 were likewise treated 
by CLirettement, collapse of the cortical wall and introduction of bone chips or a 
solid graft. In these cases, too, the postoperative course seems to have been 
uniformly favorable and apparently there were no recurrences. The exception 
noted was the case in which the entire metacarpal bone was extirpated, apparently 
because of the extensiveness of involvement of this hone. No follow-up is avail- 
able in this case, but anatomically' the lesion was clearly' an entirely benign one. 

The same principles of treatment were followed in regard to 5 of the 8 lesions 
of long tubular bones, again with uniformly good end results. Of the other 3, 
1 (a femoral lesion) was treated (elsewhere) by resection of the lower end of 
the affected bone. Such treatment is obviously too radical for a solitary benign 
enchondroma, though the surgeon may' have felt that by being drastic he was 
forestalling malignant transformation of the lesion. As to the other 2, removal 
of tissue for biopsy constituted the original surgical intervention in 1 of them, 
while in the other (as previously' noted) a biopsy' was followed ten months later 
by resection of the affected upper end of the humerus, since in the interval the 
lesion showed clinical progression in the direction of malignancy. 

SUMMARY AND CONCLUSIONS 

The clinical (including therapeutic), roentgenographic and pathologic aspects 
of solitary benign enchondroma of bone have been described on the basis of 2o 
cases from our files. As its name implies, the lesion is a benign cartilaginous 
growth which develops in the interior of an affected bone and involves only a 
single bone in any 1 subject. The lesion has a definite predilection for bones 
of the limbs, particularly the phalanges of the fingers, the metacarpal bones, t e 
humerus and the femur. _ _ , 

In relation to tubular bones, the lesion starts its development within the s a 
and apparently within a metaphysial region in particular. It may come to^ , 

a considerable portion of the shaft. On the other hand, it may extend into 
adjacent or nearer epiphysis, though it is not likely to do this until after 
epiphysis has fused with the shaft. In the course of its development, the esio^ 
may remain strictly confined within the interior of the bone without bulging o^ 
the cortex anywhere. More often, however, it thins and distends the cor e 
creating a bulge which can be detected even clinically. _ , 

Apparently the lesion is not more common in one sex than in the ? ® j 
Though the great majority of the patients are adolescents or young or mi 
aged adults when presenting themselves for treatment, the lesion seems usu 
to be already of long standing at that time. The clinical complaints are 
mild. Usually' swelling has been noted in the affected part, and there may 

11. In this case, the lesion, in the upper end of the humerus of a man of 52 years, 
to be a heavily calcified and ossified enchondroma. The biopsy tissue already revea c 
scopically some scattered groups of cartilage cells with plump nuclei, so tna 
restudied the slides in connection with the writing of this paper we were aware 
enchondroma possessed aggressive qualities. Several weeks after this jjeen an 

mitted for publication, the patient returned with a frank chondrosarcoma. There 
interval of twelve months between the diagnostic biopsy and the resection of the 
the humerus on account of the obvious chondrosarcoma which had developed m t c 
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some pain and tenderness as well, cspcciaily wlicn trauma lias induced infraction 
of the distended cortex. 

The roentgenogram is a valuable guide in the diagnosis of solitary benign 
enchondroma. In relation to enchondroinas in long tubular bones, the presence 
of radiopaque dots or even blotches representing foci of calcification and ossifica- 
tion often enables one to make the correct diagnosis even when the roentgeno- 
graphic appearance of the lesion is otherwise ambiguous. In relation to phalanges 
and metacarpal and metatarsal bones, the chances are strong that one is dealing 
with an enchondroma if a fairly large area of rarefaction associated with thinning 
and bulging of the cortex is seen. This is true even in the absence of spotty 
calcification, just on the basis of the relative commonness of the lesion in these 
bones. 

The ultimate decision as to whether a central cartilaginous growth in bone 
is benign must be based on the C 3 -tologic findings. The picture of benignity is 
created by the character of the cells (as observed in viable and not too heavily 
calcified areas of the lesion) and specifically by the following features: (1) The 
vast majority of the cartilage cells have only one nucleus; (2) this nucleus tends 
stronglj- to be rather small and definitely not plump in relation to the cell as a 
whole; (3) such cells as are binuclear are still small, still have small (and not 
plump) nuclei and are found only occasionally and even then only in scattered 
fields. 

An enchondroma, especially of a long tubular bone, may undergo malignant 
transformation. Cytologically. in the early stages of this transition the lesion will 
deviate from the benign pattern just sketched, at least in showing in scattered 
fields many cells witli plump nuclei, more than an occasional cell with two such 
nuclei and even some giant cartilage cells with large single or multiple nuclei. 

In connection with the management of solitary benign enchondroma, good 
end results are to be expected from conservative surgical intervention. 

1919 Madison Avenue. 
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to only briefly. Tiic patient complains of epigastric distress, usually aggravated 
by food and relieved by vomiting. Nausea is usually associated %vitb the vomiting, 
and as tbe condition progresses the vomiting becomes more frequent. In the 
cases of infra-ampullan,' carcinoma, the vomitus contains bile. In addition to 
these symptoms, there is anore.xia with loss of weight going on to cache.xia. 
Patients often complain of attacks of diarrhea alternating with attacks of constipa- 
tion. Examination of the stools may show the presence of occult blood. A mass 
in the epigastrium may be noted. The duration of the illness from the onset of 
symptoms is from three to eighteen months, with an average of seven months. Of 
30 patients with carcinoma of the infra-ampullar}- portion of the duodenum whose 
cases were reviewed by Lieber. Stewart and Lund * 20 were men ranging in age 
from 40 to 74 years and averaging 58 years, while 10 were ^vomen with an age 
range of 35 to 61 years and an average age of 48 years. 

In relative!}' few of the published cases of primar}- carcinoma of the duodenum 
has the condition been diagnosed roentgenologically. In contrast to the pathologic 
descriptions, the roentgen findings regarding the duodenum have been variously 
reported as normal, or as due to pyloric obstruction. On the occasions when a 
definite localization of the lesion has been accomplished, the defect usually has 
been ascribed to extrinsic pressure or to an invasive process from some extrinsic 
lesion. Rarely has an intrinsic lesion of the duodenum been considered. 

Carman ® believed that cancer of the supra-ampullary area could not be differ- 
entiated roentgenologically from ulcer. The serrated appearance of the second 
and third portions of the duodenum normally produced in the barium pattern by 
the valvulae conniventes and the commonly rapid motilit}' in tliat area make the 
diagnosis of early cancer in these areas difficult in the absence of obstruction. 
Shanks ® stated : “In these cases there is a considerable tendency to obstructive 
'Isus. . . . Radiographically a duodenal ileus is evident and possibly a filling 

defect from the obstructing growth.” In a recent paper, Bergendal commented 
that the difficulty in recording and correctly diagnosing primar}- duodenal cancer 
IS due to the position of the duodenum and its close proximit}’- to adjacent organs. 

Roentgenologic examinations were performed in 18 of the 30 cases collected 
by Lieber, Stewart and Lund.'^ In only 6 of the 18 was the lesion correctly located.^® 
The several roentgenologists had considered that the lesions were due to adhe- 
sions, pressure defects from an intrinsic tumor or pressure defects from mesenteric 
'■essels. In some instances, no opinion was recorded. It was only on the third 
examination in Bergendal’s first case that a roentgenologic diagnosis of primary 
duodenal cancer was given. Hellmer^^ thought that the demonstrated intra- 
luminal defect in Bergendal’s second case might be due to either a primary carcinoma 
ot the duodenum or an invasion of the duodenum by a carcinoma of tlie pancreas. 

Pathologically, carcinoma of the duodenum may be either of the scirrhous, 
annular t}'pe composed of firm, dense white tissue or of the soft, pol}'poid, peduncu- 
lated, medullar}' type. Ulceration is common. Stenosis with complete or almost 
complete occlusion of the lumen of the bowel, dilatation of the stomach and the 
proximal portion of the duodenum and compensatory ffi'pertrophy of the walls 

n, .,®' Carman, R. D. ; The Roentgen Diagnosis of Diseases of the Alimentarj- Tract, ed. 2 
cinladelphia, W. B. Saunders Company, 1920. 

9. Shanks, S. C.; Ke'rlej-, P., and Twining. E. W.: .A. Te.xt-Book of X-Rav Diagnosis 
London, H. K. Lewis & Co., Ltd., 193S,'vol. 2, 

5 Carinas Mayo, L. : Bol. Liga contra el cancer 9:210, 1934. Lundberg, S. : Acta chir. 
Mndmav. 56:417, 1924. Kellogg, E. L.: The Duodenum. New York. Paul B. Hoeber, Ina, 
p j- ^^"chet, V., and Luquet: Bull. Acad, de med_ Paris 97:276. 1927. Sala, M. : 

adiologj- 25:437, 1935. Matcer and Hartman.'** 

11. Hcllmcr, cited by Bergendal.-'® 
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are among the most striking gross features. The tumors infiltrate the adjacent 
retroperitoneal tissue and the contiguous parts of the pancreas. The common sites 
of metastases are the regional lymph nodes and the liver, while occasionally the 
lungs, bones and peritoneum are involved. However, metastases are said to occur 
late in the course of the disease. Among the 30 cases collected by Lieber, Stewart 
and Lund ^ ulceration of the tumor was present in 16, the growth was completely 
annular in 19 and obstruction was complete or almost complete in 17. The scir- 
rhous type of tumor was the commonest. Metastases occurred in 50 per cent of 
the cases. 

Histologically, the tumors are of a cylindric cell type ; in some instances the cells 
are well differentiated and in others extremely anaplastic. They may be columnar 
or cuboidal, with the usual neoplastic characteristics, and occur in solid nests or in 
acinar formation. The annular tumors have abundant stroma with few cells, while 



Fig. 1. — Roentgenogram showing marked dilatation of the duodenum proximal ^ gastric 
narrowing (indicated by arrow) which involves the third part of the duodenum. Ihe g 
outline is normal. 


the medullary lesions have scant stroma with abundant cells. The tumors m w u 
ulceration has occurred show inflarhmatory changes. . 

The following case of primary carcinoma of the infra-ampullary 
the duodenum is reported because of the rarity of the condition, because it 
strates the possibility of reaching a correct clinical diagnosis by rneans of car 
roentgenologic examination and because it illustrates the possibility of origin . 
carcinoma of the duodenum from aberrant pancreatic tissue. 


REPORT OF A CASE _ . • h the 

W. J., a 35 year old Polish man, was admitted to the Royal Victoria Hospital Wit 
following history; , mual 

He was a restaurant worker, a heavy smoker and drinker. He was in nis of 

health until six months before admission to the hospital, when he began to -„rcssc'l- 

epigastric pain coming on late after meals and relieved by food. These symptoms P 
One rnonth before admission, he began to complain of constipation and failing j_(,foasing 
loss of weight and strength. One week before admission he started to vomit wi i 
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frequency, up to five or six times finily, ami even after taking fluids. He then consulted a 
physician for the first time and was admitted to tlic hospital. 

The physical examination revealed a thin man showing evidence of recent loss of weight. 
The abdomen was diftuscly tender, but no abdominal mass was palpable. There was a non- 
tender, firm, nodular mass palpable in the anterior wall of the rectum and fixed to the 
surrounding tissues. Small subcutaneous nodules were present over the whole body but were 
most numerous on the left thigh and the right side of the neck. The gastric juice contained 
no free hydrochloric acid, and the total acidity was from 20 to 40. The hemogram showed 
5,400,000 red blood cells, 7,900 white blood cells and a hemoglobin content of 100 per cent. 



. 2 . — A and B, serial roentgenograms taken with local compression. The ulcer crater 

IS shown overlying the left superior margin of the body of the third lumbar vertebra. C, roent- 
Senogram showing concentric narrowing of the duodenal lumen distal to the ulcer and dilatation 
01 the second portion of the duodenum proximal to the ulcer. 


The fragility of the red blood cells was normal and the sedimentation velocity and the pro- 
ir^bin time were slightly prolonged. There was no hyperbilirubinemia. 

^ On roentgen e.xamination (figs. 1 and 2) there was found just distal to the junction of the 
-ccond and third portions of the duodenal loop a definite narrowing with irregularitj- or' 
duodenum. Only a small channel just pro.ximal to the duodenojejunal 
barium to pass to the jejunum with the persistence of a fleck of barium 
tn n 1 oi opaque material retained in an ulceration. Extreme tenderness 

palpation was present over this region. Four hours later 60 per cent of the barium meal 
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rcm.’iinecl in tlic stninncli. 'I'lu; opinion of tlic rocnt('C‘nolrip:isl was : "'I’lic zone of dcforniity 
and irrcgidarity and narrowing, involving tlic distal portion of tlic duodenal Inoji, is due to 
an intrinsic lesion of the dnodcnnni, prohably neoplasm, with an ulcerated area in this zone." 

Eleven days after the iiatient’s admission to the hospital an cxjiloratory laparotomy was 
done hy Dr. J. C. Annour, who found a large tumor mass involving the duodenum at the 
duodenojejunal junction. 'J'hcrc were numerous metastascs to the parietal peritoneum and 
along the mesenteric attachment of the small intestine, A biopsy of a nodule in the omentum 
showed adenocarcinoma. 'J’he vomiting persisted, and the patient’s condition became pro- 
gressively worse, lie died four weeks after operation, or about seven and a half months after 
the onseA of symptoms. 

Pnshnorlciii Hxiiimnatinn . — A comiilete autopsy was performed four hours after the patient's 
death. In the following summary only the observations pertaining to the duodenal tumor will 
be described. 



Fig, 3. — Pliolomicrograph showing microscopic ajijicarancc of the margin of die 
ulcer. Note the abrupt termination of duodenal mucosa which is essentially nornial in s 
and has no connection with the mass of tumor tissue in the submucosa. 


In the duodenum, a firm nodular ma.ss measuring 6 by 4 cm. was found almost 
encircling the infra-amjuillary portion, infiltrating the adjacent fatty tissue and 
pancreas superiorly. Examination of the lumen of the duodenum revealed a deep ^ 
area with a soft necrotic base and overhanging edges .about l.S cm. distal to tlic > . , 

<if Vaicr, in the superior as|)ect of the duodenum. Just ilistal to this, the l”J"o'' '’P*’ „ uj.is.s 
into the lumen but the covering muco.sa was intact, though hemorrhagic. 'Ihc cut 

liroduced almost complete obstruction of the duodenum for a distance of ....a enn 
surface of the tumor was firm and was mottled yellow and gray with small hem ^ 
areas, The duodenal wall was thickcncil by tumor tissue which appeared to li.n 
beneath the niurosa. The uncinate jirocess and adjacent parts of the head ” , , Aj-catio" 
Were displaeefl rather than invaded by the tumor, as indicated by a distinct 
between tumor and i>ancreatic tissue. 'I'he stomach and the proximal portion of ..\lenK 

were marbeilly disiende<! and the walls thickened by hypertrophy of the muscle 
the mesenteric border of the small intestine were small, firm, white metastatic tiiin > 
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These in some areas involved tlic muscular coat, but the mucosa was everywhere intact. The 
I>eritoneal surfaces of the rectovesical i>oucli, the right lumbar gutter, the inferior aspect of 
the right side of the dome of the diaphragm and the greater omentum were studded with 
tumor nodules. 

Micrpscpf'ic Examination . — Histologic sections of the duodenal wall including the area of 
ulceration showed a large mass of tumor tissue which hay chiefly in the suhmucosa. The 
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^ Fig. 4. — Photomicrograph showing the histologic structure of the tumor. The formation 
ot ductlike spaces lined by cuboidal or columnar epithelium is a prominent feature. Several 
papillary ingrowths of the lining cells are shown. In most areas the stroma was much more 
abundant than in this field. 

Submucosal layer of tumor was deepest in the region just distal to the ulcer, hut a thinner 
a>cr of neoplastic tissue was present in the base of the ulcer and spread through the sub- 
mucosa for a considerable distance in all directions. The duodenal mucosa was elevated hv 
he tumor, but it was not at any point connected with the tumor tissue and apart from some 
icmorrhagic extravasations it was relatively normal in appearance. .Kt the margins of the 
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ulcer the mucosa was interrupted abruptly and showed no neoplastic or hyperplastic changes 
and no continuity with the underlying tumor cells (fig. 3). Tiie tumor tissue, apart from a 
few small solid clusters and strands of tumor cells, was composed of many ductlike structures 
of varying size and shape, lined by cuboidal or columnar epithelial cells wliich in some areas 
were thrown up into irregular papillary folds. Their cytoplasm was acidophilic; the nuclei 
varied greatly in size, shape and depth of staining. Mitotic figures were present in small 
numbers. The fibrous stroma was moderate in amount. Altogether, the histologic structure 
was similar to that of a pancreatic carcinoma of duct cell type (fig. 4). The tumor had 
extended between the muscle bundles and beyond the muscle coats of the duodenum into the 
pcripancreatic fat. The mass of tumor tissue came into immediate contact with the pancreas 
but was sharply demarcated from it throughout much the greater part of the area of contact. 
A slight degree of invasion of individual pancreatic lobules was demonstrable in only a few 
microscopic areas (fig, 5). In the mass of tumor tissue which lay nearest the pancreas 
careful search failed to reveal any evidence that pancreatic tissue had been replaced by tumor. 
The tumor mass in this region contained no remnants of normal pancreatic ducts, acini or 



Fig. 5. — Low power photomicrograph showing the retroperitoneal tumor mass (a o 
impinging on the pancreas (below). The line of demarcation between the two is distinct throug 
out most of this field, although one pancreatic lobule is slightly infiltrated by the tumoi. 


islets of Langerhans. Thus, while the histologic structure of the tumor suggested an origin 
pancreatic tissue, no evidence could be obtained from cither the gross or the p 55 

examination that it had originated in the pancreas itself. On the contrary, both the g 
and the microscopic features of the tumor indicated an origin in the wall of the 
the structure was not that of a tumor originating from intestinal mucosa. This 
situation could be explained only by assuming that the tumor originated from aberrant pane 
tissue in the duodenal wall. _ . . 

The metastatic nodules showed neoplastic epithelial cells identical in character 
of the primary growth, but duct formation was rather more conspicuous in the me ‘ 

The subcutaneous nodules were neurofibromas. . . [,,odcni(fn 

The diagnosis was : primary carcinoma of the infra-ampullary portion of the (pcri- 
Eccondary carcinoma of the omental and mesenteric lymph nodes, ‘ njaiosis : 

pancreatic) and peritoneum; emaciation; acute bronchopneumonia ; multiple neuron 
arteriosclerosis of aorta and coronary arteries (minimal). 
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COM ME N'T 

The case of carcinoma of the infra-ampullary portion of the duodenum here 
reported confonncd in the main to the typical clinical history as outlined in the 
introduction of this paper. There was epigastric distress with anorexia, persistent 
vomiting and rapid loss of weight. However, no epigastric mass was palpable at 
any time during the course of the illness, which was of seven and one-half months’ 
duration. 

The roentgenologic features in our case were entirely typical. There was an 
irregular filling defect involving the third portion of the duodenum with a con- 
centric narrowing of the duodenal lumen and dilatation of the duodenum proximal 
to tire area of narrowing. The normal pattern of the valvulae conniventes was 
obliterated in the area of the filling defect. A localized collection of barium lay 
in a large ulcer crater in the area of defect without evidence of any sinus tract 
passing external to the duodenal lumen. J^Ioreover, the tenderness on palpation 
corresponded in position to the visualized abnormalities. 

A number of other patliologic entities ma}'^ exhibit roentgenologic abnormaliU' 
whidi could simulate the erddence in this case in one or more respects. Invasion 
of the duodenal walls bj' a carcinomatous extension from tlie pancreas would be 
difficult to differentiate, but ulceration within the duodenal lumen without sinus 
tract formation extending external to tlie lumen would be unusual. Invasion of 
the duodenum bj"^ a carcinoma of the stomach should be differentiated by demon- 
stration of the gastric lesion. Paraduodenal adhesions could cause obstruction 
with resultant dilatation of the proximal duodenum, but an extensive filling defect 
with ulceration would not be expected. Similar comment would also apply tO' 
the change produced by an unusual overgrowtli of tlie head of the pancreas. A 
large impacted intraduodenal gallstone, a foreign body or a benign duodenal tumor 
might cause a local filling defect and a duodenal dilatation, but the duodenal lumen 
should be widened at the level of the filling defect ratlier than narrowed, and deep 
ulceration is not usual. Pressure defects from an extrinsic tumor, without invasion 
of the duodenal walls, would not produce a concentric narrowing of the lumen, an 
obliteration of the pattern of the valvulae conniventes or an ulceration within the 
duodenum. Sarcoma of the duodenum cannot be differentiated from carcinoma 
by roentgen examination. For these reasons, the opinion was expressed that the 
gross lesion demonstrated in this case was due to a primary- neoplasm of the third 
portion of the duodenum. 

We believe that only by the correct appreciation of the gross pathologic changes 
seen in the reported cases of primary’ duodenal cancer and b}’’ a painstaking roent- 
genoscopic search and stud)’’ of correctly postured roentgenograms can a correct 
interpretation of the roentgen findings be made. In the first case cited by Ber- 
gendal,®'^ it was only at the third examination that the localization of the lesion was 
accomplished. Then the opinion was offered that the demonstrated gross filling 
defect with ulceration was consistent with the findings to be expected in cancer 
of the third portion of the duodenum. The more recent technical improvements 
of roentgen apparatus, particularly the addition of facilities for making serialographic 
film studies at the time of fluoroscopic examination, should improve the study of 
the duodenum in its entiret)^ 

This case presented the gross pathologic features most frequently described 
as associated with infra-ampullar)' carcinoma of the duodenum. The tumor was 
scirrhous and annular in t)'pe. It had almost completely occluded the lumen of 
the duodenum, producing marked dilatation of the stomach and the proximal 
portion of the duodenum with h)-pertrophy of their walls. Ulceration was also 
present. 
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The histologic structure of the tumor in our case closely resemhlcd that nt a 
duct cell carcinoma of the pancreas. Similar ohscrwitimis if? cases of primary 
carcinoma of the duodenum have been made by others, who have hiuterl at the 
possibility that carcinoma of the duodenum may arise from aberrant paticrcatic 
tissue. The occurrence of such aberrant tissue is not uncommon. Faust and 
Mudgett collected from the literature 369 case.s and added 1 case of their own. 
Their analj'sis of the distribution of al)errant jiancrcalic tissue showed that it was 
located most frcqucntl}' in the wall of the duodenum (30 per cent), stomach (26 
per cent), jejunum (IS iier cent) or ileum (13 per cent). ( )ther rarer sites 
included the gallbladder, spleen, me.scntcry and omentum. In the last 1,970 
autopsies performed in the department of patliulogy of McCiil! Universit}', wc have 
found 21 instances of aberrant pancreatic tissue, an incidence slightly greater than 
1 per cent. Of these, 17 occurred in the duodenum, 3 in the jejunum and 1 in 
the stomach. 

In spite of the relativcl}' frecjuent occurrence of aberrattt pancreatic tissue, the 
idea that carcinoma could originate in such pancreatic rests was scofted at by 
Bland-Sutton,“ who stated that there was jio evidence to support such a theory. 
He admitted, however, that pathologists are not devoid of imagination. Never- 
theless, the diagnosis of a malignant tumor originating in alierrant pancreatic tissue 
has been made by no less an authority than W. 1*1. W'elch. Jefferson in 1916 
reviewed a case in which the pathologic report was made by Professor 'Welch, 
who found a malignant adenoma of the pylorus arising in misplaced pancreatic 
tissue. More recently, Schmidt described an adenoma of pancreatic tissue 
located in the upper part of the jejunum. Bookman found a disklike tumor m 
the first portion of the duodenum which had no connection with the pancreas but 
which on histologic examination proved to be a carcinoma of pancreatic tissue. 
Vccchi '■ some years ago reported a large islet cell tumor which he described as 
a malignant adenoma arising in accessory pancreatic tissue located near the tai o 
the pancreas. Recently, Ballinger*® reported a case of carcinoma of the pancreas 
of islet cell tj'pe arising in aberrant pancreatic tissue in the liver. W idespiea 
nietastases were present but no tumor tissue was found in the pancreas itself. 

It is obvious that reports of benign and malignant tumors which have originate 
in aberrant pancreatic tissue are relatively few. Flowever, there is no reason 
doubt that tumors could arise from such misplaced tissue. Indeed, it niigh 
supposed that such aberrant tissue, when it occurs, would be more likel}' to gn 
origin to neoplasia than would the tissue of the pancreas itself. In the case le 
reported, there could be no doubt that the tumor arose in the wall of the duodennnn 
since this was the only structure from which a carcinoma could arise that 
actually occupied by the tumor. The uncinate process of the pancreas v as ^ 
placed rather than replaced by the tumor mass, and between tlie tu'o tiere 
grossly visible a sharp line of demarcation. It is true that the earliest 
of invasion of a few pancreatic lobules were demonstrated microscopica y a ^ 
this line, Iiut apart from this the pancreas was completely free of tumoi . n 
grounds, the possibility of origin of the tumor from the pancreas as suci 
abandoned. In the duodenal wall the greatest mass of tumor tissue la} m 

12. Faust, D. B., and Mudgett, C. S. ; Ann. Int. Med. 14 : 717 , 1940. 

1.3. Bland-Sutton, J. : Tr. M. Soc. London 38:1, 1914. 

14. Jefferson, G. : Brit. J. Surg. 4:209, 1916. 

15. Schmidt, H. : Centralhl. f. allg. Path. ii. patli. Anat. 31:497, 1921. 

10. Bookman, M. R, : Ann. Surg. 95:464, 1932. 

17. Vecchi, A.: Arch, per le sc. med. 38:277, 1914. . f errant 

IS. Ballinger, J.: Hj'poglyccmia from Metastasizing Insular Carcinoma 
Pancreatic Tissue in Liver, Arch. Path. 32:277 (Aug.) 1941. 
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submucosa, elevating the mucosa, which, however, was intact and essentially 
normal over a considerable area. The mucosa terminated abruptly at the margins 
of the area of ulceration without showing any neoplastic or even hyperplastic 
changes, and there was a definite lack of continuity between the duodenal epithelium 
and the epithelial cells of the tumor around the margins of the ulcer at all points 
examined. Not only was the lack of connection between the duodenal mucosa 
and the tumor mass beneath it inconsistent with the assumption of origin of the 
latter from the former, hut the histologic structure of the tumor was not that 
of a tumor arising from intestinal mucosa. Its structure was typically that of a 
duct cell carcinoma of the pancreas. These apparently inconsistent obser\'ations 
could be brought into complete harmony only by the assumption that the tumor 
arose from aberrant pancreatic tissue in the wall of the duodenum. Indeed, the 
location, the manner of spread and the gross and microscopic appearance of the 
tumor were precisely what one might expect of a carcinoma originating from 
misplaced pancreatic tissue in the submucosa or between the muscle layers of the 
duodenum and spreading from this site of origin inward toward the lumen and 
outward into the surrounding retroperitoneal fat. It was concluded, therefore, 
that tlie carcinoma originated in the duodenum, not, however, from the duodenal 
mucosa but from aberrant pancreatic tissue embedded in its wall. 

SUMM.\RY AND CONCLUSIONS 

The clinical, roentgenologic and pathologic features of primary carcinoma of 
the infra-ampullar}- portion of the duodenum as described in the literature are 
brief!}- reviewed. An additional case is presented. This occurred in a 35 vear 
old man who had a typical clinical histor}-. The roentgenologic diagnosis of 
neoplasm of the infra-ampullary portion of tlie duodenum was made preopera- 
tively. The tumor presented the usual gross features of primar}- carcinoma of 
the duodenum located in the infra-ampullar}- portion, while its microscopic appear- 
ance suggested an origin from pancreatic tissue. The occurrence of pancreatic 
rests in the duodenum and elsewhere is much more frequent than is generally 
suspected, and it is suggested that such rests of pancreatic tissue may give rise 
to benign or malignant tumors, as has been reported in several instances. From 
the gross and microscopic appearance of the duodenal tumor in the case here 
reported, the conclusion was drawn that it was a carcinoma arising in aberrant 
pancreatic tissue in the infra-ampullar}- portion of the duodenum. 
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Tlie prcopcralivc and postoperative inanagemcnt of patients with obstructive 
jaundice has evolved from a scries of therapeutic contributions, each of whicli was 
in particular vogue for a period. Tlic integral analysis of these methods is instruc- 
tive, for it indicates the present trend, and forms a sounder basis not only for a 
modern therapeutic regimen but for further clinical and laboratory investigation. 
The factors that govern tuorlnlily in patients with obstructive jaundice and the 
philosophy of treatment that is soundest today arc known to all. After synthetic 
vitamin K (menadione) and various related substances had been used parentcrally 
for over one year with excellent results in the control of postoperative bleeding, the 
impression was obtained that at last the problem of the jaundiced patient undergoing 
surgical treatment, was under control.^ This impression was not entirely correct. 
Indeed, mortality reports from other clinics often indicated no better, and perhaps 
poorer, results than in the era before the use of vitamin K, It is clear now that 
although vitamin K has reduced the incidence of postoperative bleeding the hard 
learned lessons of the period prior to the introduction of vitamin K appear to have 
been too often ignored in practice. By now it seems just as unreasonable to rely 
entirely on vitamin K in preparing jaundiced patients for operation as to rely on 
insulin alone in the treatment of diabetic acidosis. After its spectacular advent 
in this hospital it was learned that vitamin K is not the sine qua non, but an 
adjunct in treatment, along with diet, transfusions of blood and plasma and other 
measures. To emphasize this thesis, I wish to present the experience at this chnic 


for the last three years. 

It is worth while to reconsider, as a background to this report, the therapy prior 
to the introduction of vitamin K. In disease of the gallbladder with obstruction o 
the common duct, the following mortalities have been reported: Mayo" (192 )» 
over IS per cent; Walters (1923), 10 per cent; de Takats * (1924), 30 
Ravdin, Rhoads, Frazier and Ulin ® (1938), 14 per cent, and Illingworth “ (193y)> 
11 per cent; Hunt^ reported an operative mortality of 31 per cent among patien s 
with carcinoma of the pancreas. The recent reports have made much of 


Read at a seminar meeting:, Feb. 7, 1942. . . 
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incidence of bleeding and tlie prothrombin time; relatively infrequent is a full report 
on operative mortality. At the outset, therefore, it would be well to define the bases 
for my analysis. By jaundice I mean primarily obstructive jaundice. I am inter- 
ested in the patients who are clinically jaundiced at the time of operation. The death 
of any patient who died by the thirtieth postoperative day, regardless of cause, or 
who died as a direct result of the operative procedure regardless of time, is con- 
sidered an operative death. One further qualification seems obvious. The serious- 
ness of this particular illness will var}- in different localities.® The more seriously 
ill patients, clinically almost moribund and with far advanced pathologic changes, 
will be found in a charity institution like the Cincinnati General Hospital. The per- 
centage of malignant lesions in the total number of cases and the type of operation 
must also be kept in mind. 

Postoperative hemorrhage has since 1891 been recognized as an important cause 
of operative death of patients with obstructive jaundice.® In the past two decades, 
trends of therap}' have been guided by investigations into the clotting defect as well 
as by studies of hepatic pathologj' and physiology. In 1926 Walters ® emphasized 
the fact that with obstruction of the biliar}’ tract there is impairment of hepatic func- 
tion from the very beginning. Even with simple disease of the gallbladder, extensive 
hepatitis may exist, and in such drcumstances quantitative studies of the bile often 
reveal hepatic disturbance before obstruction of the common duct occurs. The 
pathologic changes in the liver produced b}- obstruction in the biliary tree were 
demonstrated by Counsellor and Mclndoe.^^ They described the pathogenesis of 
so-called h}’'drohepatosis. hlacCallum emphasized the factors of infection and 
back pressure. Finally there was described the picture of fatty accumulation in 
the hepatic cell in the presence of obstruction of the liver.^® 

The question of hepatic lipid is coming more and more to the fore as a patho- 
physiologic problem. The first attempt to solve it clinicall}" was vdth administra- 
tion of carbohydrate. This idea of carbohydrate therapy, glycogenesis and the 
significance of hepatic glycogen in relation to injury' of the liver arose from the 
concepts promulgated by Rosenfeld in 1900.^^ He indicated the reciprocal relation- 
ship behveen hepatic glycogen and hepatic lipid. In this country in 1915, Opie and 
Alford first reported experiments on animals and worked out protocols in regard 
to study of the composition of the liver in relation to diet and toxins. They found 
that a high carbohydrate diet conditioned the livers of experimental animals to with- 
stand exposure to chloroform, whereas a high fat diet induced a singular suscepti- 
hilit)' to such exposure. In 1926 Walters ® stated that at the Mayo Clinic patients 
With obstructive jaundice were given a high carbohydrate diet, supplemented with 
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dextrose when necessary. Knvdin, Riegel and Morrison ’’’ reported that clinically 
dextrose exerts a protective action if the liver is not injured beyond a certain degree 
of repair. In 1932 Cotvan and Wright rcporlcrl that the damaged liver rapidly 
takes up intravenously administered dextrose. Recently Ravdin and later 
Stewart ^ well reviewed the problem of metabolism associated with the patholog}' 
and physiolog)' of the liver. 

As for the ])Ostopcrative hemorrhage of jaundiced ])atients, it is no longer 
believed that a quantitative deficiency in the blood calcium is responsible.’'* In 1930. 
calcium was still in vogue as the one specific single prophylactic agent used in 
preparing jaundiced patients for operation." 'J'hc work of Cowan and Wright,’' of 
Ravdin, Riegel and Morrison and of Cantarow, Dodek and Gordon seemed to 
indicate that there is some relation between de.xtrose metabolism, hepatic function 
and calcium. All of these investigators suggested that obstructive jaundice is asso- 
ciated with a disturbance in some phase of that relationship. As late as 1938, 
Walters still believed that calcium is beneficial. Apparently it is most indicated 
when hypoproteinemia is present. 

The histoiy of the significant therapeutic periods, as outlined by Ravdin, Rhoads 
Frazier and TJlin," reveals that prior to 1929 preoperative preparation was little 
stressed. Great reliance was placed on the use of calcium and postoperative blood 
transfusions were given only occasionally. By 1929 the clinicians closed the gap 
between i^ractice and experimental evidence indicating the importance of hepatic 
function in cases of obstructive jaundice. I need only mention the advances made 
in appreciation and utilization of the principles of fluid and electrolyte balance. 
Transfusions were still given only' occasionally and always postoperatively. Stress 
was placed on high carbohydrate diets supplemented with intravenous administra- 
tion of dextrose. From 1933 to 1937 blood transfusion preoperatively as well as 
postoperatively became established, not only as the best means of combating the 
hemorrhagic diathesis but as an excellent general supportive measure. Further- 
more, in 1935 Snell -- reported that of 40 patients who died of chronic parenchyma 
tous disease of the liver 80 per cent had edema of the pulmonary bases, tennina 
bronchopneumonia or hydrothorax. However, the pulmonary lesions were sup 
posed to be terminal pneumonia, except that the edema of the alveolar walls was 
considered of possible significance. These observations Snell correlated wi i ’ 
discovery of anoxic anoxemia in patients with obstructive jaundice. For t is 
reason, Judd, Snell and Hoerner subsequently' emphasized the importance o 
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administration of oxygen and transfusion of blood as measures to increase the 
arterial saturation of oxygen in persons with obstructive jaundice. 

The more important therapeutic measures that were evolved before the introduc- 
tion of vitamin K may he summarized as giving of calcium, use of a high 
carbohydrate diet, oral and intravenous administration of dextrose, attention to fluid 
intake and electrolyte balance, transfusion of blood, administration of o.xygen. better 
choice and use of anesthetics, preoperative observation over longer periods of time, 
waiting for a decrease in the level of bilirubin in the blood, evaluation of am- 
existing complications, use of bile preparations, and finalh- gradual postoperative 
decompression of the biliar}- system.® Although the incidence of bleeding remained 
the same, mortality due to hemorrhage and operative mortality were halved. 
Ravdin, Rhoads. Frazier and Ulin ® in 1938 reported a mortality of 2 per cent due 
to hemorrhage and a total operative mortality of 9 per cent. Judd, Snell and 
Hoerner reported an operative mortality of 4 per cent in 1935. The most evident 
improvement occurred subsequent to 1929, coincident with the increased use of 
dextrose and high carbohydrate diets and parenteral administration of fluids. By 
1933, when the use of preoperative transfusion had become established, the best 
mortalit}- figures for the decade were in the making. 

Thus it may be seen that by 1937, although the fundamental fault in the coagula- 
live mechanism in the blood of jaundiced patients was not generally understood, a 
therapeutic regimen had been elaborated that gave relatively good results. In com- 
menting on the report of Butt, Snell and Osterberg -® on the use of vitamin K at 
the Mayo Clinic, Walters pointed out that mortality due to hemorrhage had been 
low at the clinic even before the use of vitamin K. His figure of 5 per cent for 400 
operations performed during 1936-1937 suggests an apparently rosier picture than 
e.xists at most clinics. But that is a report not for total operative mortality but for 
mortality due to hemorrhage. At any rate, the system of therapy previously 
described had reduced the mortality but not the incidence of bleeding. It appeared 
that the discover}- of the cause of bleeding and the rectification of this physiologic 
defect would be the final answer to the problem of operative mortality. 

The tremendous interest and effort of investigators along this line were soon 
to bear results.-® It was the correlation of disconnected obserr-ations spread over a 
decade that eventually gave the solution and culminated in the use of Htamin K 
m the hemorrhagic diathesis of patients with obstructive jaundice. By 1939 the 
isolation of concentrated, supposedly pure Htamin K had been achieved, to be 
followed by the s}mthesis of substances with Htamin K activity and the initiation 
of parenteral therapy.-' As for the administration of vitamin K, Butt, Snell and 
Osterberg in 1938 urged the preoperative classification of jaundiced patients as to 
hazard. With such patients a preoperative determination of prothrombin time is 
probably as important as any test of hepatic function. Even when prothrombin time 
'vas normal Butt, Snell and Osterberg insisted on prophylactic therapy -with 
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• P- 3®2. Quick, A. J. : Prothrombin in Hemophilia and in Obstructiy-e Jaundice, T. 
«iol._Chcm. lOgil.xxiii, 1933. Opie and Alford.^® 

(a)Norcross, J. W., and McFarland, M. D. : Intravenous Use of 2-Methyl-l.-4-Naphtho- 
runone in Hypoprothrombinemia. J. A. _M. A. 115:2136 (Dec. 21) 1940. (6) Steyvart. J. D.: 

ra and Parenteral Use of Synthetic \ itamin K .Actiy-e Substances in Hy-poprothrombinemia. 
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vitamin K. Postopcrativcly, they followed their patients with prothrombin deter- 
minations for eight days. Ordinarily, vitamin K could well he given orally. But 
when values of prothrombin approach the critical level or there is actual bleeding, 
they as well as others (Norcross and McFarland,-’" Stewart,-’ Stewart and 
Rourke,-® Ravdin and Collcr and Farris have advised parenteral admin- 
istration. The majority of the clinicians have found intravenous administration 
the most effective and rapid method of lowering the prothrombin time to normal. 
Today it is generally agreed that failure to rcsiwnd to parcnterally administered 
vitamin K can be considered as an ominous prognostic sign. Can the prothrombin 
time itself and the response to vitamin K therapy be used as a test of hepatic func- 
tion? Ziffren, Owen, Warner and Peterson recently discussed this point and, 
apparently using the finer laboratory method of Warner and his associates,®® showed 
that variations in prothrombin time can be readily disclosed and may be a reliable 
indication of hepatic function, at least as far as prothrombin is concerned. 

The reports on the use of vitamin K indicate rather uniform success in reducing 
the incidence of postoperative hemorrhage. Figures for operative mortality are 
incomplete, but there appears to be no remarkable improvement. Butt, Snell and 
Osterberg®® (1938) reported 3.1 per cent for 64 cases; Rhoads®® (1939), 8.1 per 
cent for 12 cases, and Illingworth® (1939), 8.5 per cent for 14 cases. Stewart-® 
(1939) gave no mortality figure for 27 cases but stated that 7 patients had massive 
postoperative bleeding. Stewart (1941) gave 20 per cent as the operative mor- 
tality for 20 cases. All these reports are for cases in which vitamin K was giveji 
orally. In 1941, after using subcutaneous injections of a synthetic substance with 
vitamin K activity (the sodium bisulfite derivative of methyl naphthoquinone) m 
the treatment of 14 patients, Stewart reported an operative mortality of 7 per 
cent. Norcross and McFarland (1940) who used intravenous injections of syn- 
thetic vitamin K (menadione) did not report mortal it)’’, but from their table it 
appears that for the 15 cases in which operation was done there was an operative 
mortality of 20 per cent. Hunt " (1941) reported a 21 per cent mortality for cases 
of carcinoma of the pancreas. In 1941 operative mortality for cases of obstructive 
jaundice was 19 per cent in the Cincinnati General Hospital. 

Although in 1939 and 1940 the opinion prevailed that the case in which hypo^ 
prothrombinemia due to obstructive jaundice would not respond to K was rare, 
appears now that this is not true. Every author has a failure or two to repor , 
though the total number of such failures in any series is usually small. To some 
extent it appears that perhaps too much reliance has been placed on vitamin v. 
As Walters pointed out, one must not forget the lessons learned before the intro 
duction of vitamin K therapy. Obviously, its intrinsic value has been more 
that of a weak prosthetic to a defective prothrombin mechanism. However, t le 


28. Stewart, J. D. : Prothrombin Deficiency and the Effects of Vitamin K m Obs 

Jaundice and Biliary Fistulae, Ann. Surg. 109:588, 1939. . . of,cfriictive 

29. Stewart, J. D., and Rourke, G. M, : Control of Prothrombin Deficiency in Uo 

Jaundice by Use of Vitamin K, J. A. M. A. 113:2223 (Dec. 16) 1939. . jtj, 

30. Coller, F. A., and Farris, J. M. : The Management of the Jaundiced Jrati 

Special Reference to Vitamin K, Surg., Gynec. & Obst. 73:21, 1941. „„,Kmpniia 

31. Ziffren, S. E. ; Owen, C. A. ; Warner, E. D., and Peterson, F. R. : Hypoprothr 

and Liver Function, Surg,, Gynec. & Obst. 74:463, 1942. ^ and 

32. Smith, H. P.; Warner, E. D., and Brinkhous, K. M.: Prothrombm 
Bleeding Tendency in Liver Injury, J. Exper. Med. 66:801, 1937. Warner, y-> 

K. M., and Smith, H. P.: A Quantitative Study of Blood Clotting: Prothrombin fiu«u 
Under Experimental Conditions, Am. J. Physiol. 114:667, 1936. . nhstructive 

33. Rhoads, J. E.: The Relation of Vitamin K to Hemorrhagic Tendency m uos 

Jaundice, with a Report on Cerophyl as a Source of Vitamin K, Surgery 5:77'?, o 



i'LiK—onsTRUCTn-n ja uxdice 


509 


of vitamin K certainly does not obviate the use t)f blood.’’^ Also, as was pointed 
out by Butt. Snell and Keys.^' in cases of obstructive jaundice with damage to the 
liver the total protein in the blood may well be within normal limits, but because of a 
lowered albumin content and reversal of the albumin-globulin ratio, the colloid 
osmotic pressure may be low, so that the indication for plasma may be more 
urgent than it appears to be. Finally, even when vitamin K is administered 
parenterally there is indication for the use of bile for reasons other than that it 
promotes absorption of vitamin K from the intestinal tract. 

Counsellor and IMcIndoe “ doubted that the reserve of the liver would be 
overcome b}' even the most advanced obstructive hepatic syndrome. But to any 
one who has followed patients with obstructive jaundice and studied their livers 
at autopsy, this conclusion seems unreasonable. The unexpected appearance of 


T.\bi.e 1. — Patients v.-ith Obstructive Jaundice Of’cratcd on 





Operative Mortality, 


Patients 

Deaths 

per Cent 

1939 

14 

5 

S6 

1940 

12 

4 

S3 

1941 

10 

2 

19 

Total 

42 

12 

29 


T.\ble 2. — Obstructive Jaundice Due to Carcinoma of the Head of the Pancreas 


1939 

Patients 

Deaths 

4 

Operative Mortality, 
per Cent 

50 

1940 

4 

(> 

50 

1941 


1 

13 

Total 


7 

35 


Table 2.~Patients with Obstruction of the Common Duct Not Due to a Malignant Growth 


Operative Mortality, 

Patients Deaths per Cent 


1939 6 1 17 

1940 S 2 25 

1911 S 2 25 

Total 22 5 23 


hemorrhage postoperatively, the conviction that many elderly patients and many 
patients in whom the obstructive syndrome is superimposed on such a pathologic 
condition as cirrhosis or malignant metastases receive a knockout blow from 
operative trauma and anesthesia, and now the lack of response to vitamin K of 
about 10 per cent of all these patients with obstructive jaundice seem conclusive 
cwdence that the liver is far from inexhaustible in its performance and is not invul- 
nerable to trauma, toxemia and anoxia. 

In the light of the foregoing discussion, the record of the 42 patients with 
jaundice operated on in this clinic in the past three years can now be examined. 
Forty-eight per cent of the obstructions of the common duct were due to malignant 
tumors. I discarded many cases of stone in the common duct because of inadequate 

34. Karabin, J. E. ; Udeskj-, H., and Seed, L. : Effect of Stored Citrated Blood Trans- 
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01 Colloid Osmotic Pressure of Blood Senim and of .•\scitic Fluid in Various Diseases of the 
Liver, Arch. Int. Med. 63:143 (Tan.l 1939. 
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data concerning jaundice. None of tlie cases from the private services was con- 
sidered. It is not absolutely important to compare mortality figures with those 
from other hospitals; it is important, however, to watch the mortality in any 
given clinic from year to year. According to the standards of selection that have 
been set, it is now possible to scrutinize the results of therapy for the type of 
patient treated at the Cincinnati ficneral Hospital (tables 1, 2 and 3). 

Tables 4 and 5 show the types of operation that were done. 

It will be seen that in 65 ])cr cent of llic cases of malignant disease a major 
palliative operation was performed. The patients who had had only an exploratory 
laparotomy were of course the sickest, and no special effort was made postoperatively 
to prolong their life. 

The figures show that although in 1941 about 50 per cent of the patients 
had malignant growths and about the same type of major surgical procedure 
was being done on all, the operative mortality was distinctly lower. In cases ot 
malignant tumor a reduction from 50 per cent to 13 per cent was achieved. -As 

Table 4. — Operations Performed on Tzventy Patients zvith Obstruction of the Coninwn 

Duct Due to a Malipnant Tumor 


Patients 

Exploratory laparotomy and biopsy . < 

Palliative (eholeoystgaatrostomr, etc.) r. 

Whipple operation (3 patients had first stage only) 7 

Total 20 


Pled 


Mortality, 
per Cent 

43 

S3 

29 


Table 5. — Operations Performed on Tzveniy-Tzvo Patients zvith Obstruction of the Common 

Duct Not Due to a Malignant Groivth 


Patients 


Cholecystectomy and exploration and drainage of common duct 17 

Exploration and drainage of common duct 2 

Cholecystgastrostomy 2 

Oholedochoduodenostomy 1 

Total 22 


Mortality, 
pied P«7 Cent 



far as age, debilitation, diabetes and pulmonary and nephritic complications are 
, concerned the 1941 patients, if not sicker than usual, were the ordinary run. 
Consequently, there arise certain pointed questions concerning our preoperatnc 
and postoperative therapy. These questions and their answers had been con 
sidered in 1940 with apparent beneficial results. 

How was vitamin K given, and what response was obtained ? _ The respoi 
to oral and parenteral administration was satisfactory. In the majority ot ca - 
the degree of jaundice rvas measurable by an icteric index of from 40 to • 
In only 2 cases %vas the prothrombin time, on admission, within normal 
However, there was a preoperative record of this test in only 30 cases. K^P_ 
to vitamin K was indicated by a return of prothrombin time to normal, yf'* 
method of determining prothrombin time was used. . , 

Thirteen per cent of the patients treated did not respond Two ot 
patients definitely did not receive adequate oral doses of the vitamin or o 
salts. In 1941 such excellent response was obtained from intramuscular admmis^^ ^ 
tion that vitamin K was given intravenously in few instances. In using vitamin 

36. The preparation used was klotogen (Abbott Laboratories). Each cap.side 
1.000 units of vitamin K as measured by the modified Almquist method. 
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orally our best results were obtained with capsules containing a concentrate of 
the vitamin in peanut oil and bile salts. Three to six of the capsules were given 
per day, and 2 Gm. of bile salts. The following is an example of reductions in 
prothrombin time (Quick) after two to three days of oral administration of 
Gtamin K; patient G. K.. twenty-five seconds to fourteen seconds; patient C. iM. 
nineteen seconds to twelve seconds ; patient G. L. seventy-six seconds to fifteen 
seconds. 

In 1940 there was no postoperative hemorrhage. \'itamin K was being given 
more correctly, i. e., in larger doses of better preparations ; blood transfusions were 
again being given preoperatively. At this time it was realized that, although 
vitamin K was being used successfully, operative mortality had not improved. 
Some of the more significant errors in our preoperative handling are listed as 
follows : 

1. Too much emphasis was placed on tests of prothrombin time and of response 
to vitamin K as opposed to other tests of hepatic function, and clinical impres- 
sions were not sufficiently considered. 

2. Vitamin K was prescribed in a haphazard fashion, with no plan for the 
specific needs of tlie patient. One patient who did not respond to intramuscular 
injections did not receive vitamin K intravenously. 


Table 6. — Response to Admimstraiion of Vitamin K 


Tear 

Patients 

Oral 

iDtrn- 

Diusculnr 

Intra- 

venous 

No Response 

Postoperative 

Bleeding 

1939 

30 

10 

0 

0 

O 

4 

19J0. ... 

P 

6 

2 

1 

2 

0 

1941 

11 

0 

'J 

2 

i 

1 

Total 

30 




5 



3. Such forms of supportive therapy as blood transfusion and administration 
of bile and of oxygen, which used to be mainstays, were amazingly neglected. 

4. The preoperative stay in the hospital was unusually short. Too often the 
patient was taken from the medical wards to the operating room. One normal 
value for prothrombin time following good response to vitamin K was considered 
to be sufficient evidence that the patient was ready for operation. 

5. Postoperatively, the patient was not followed carefully enough, with 
determinations of prothrombin time. 

6. Study of high carbohydrate, high protein and low fat diets and diets designed 
for the person with disease of the gallbladder revealed that those prescribed 
in the Cincinnati General Hospital were hardly suitable for the jaundiced patient. 
Too often they were high in caloric value and nothing more. The interns 
sent a routine requisition to the dietar>' department, where it was filled with- 
out an understanding of the individual problem. For instance, the most popular 

oalled high carboh 3 ’drate, high protein, furnished 3,800 calories and consisted 
of 38 per cent carbohj’^drate, 42 per cent fat and 20 per cent protein, a far cn.- 
iroin the diet recommended bj' Ravdin. 

Vitamin K seemed to have displaced other vitamins, such as vitamin C 
iiud the members of the B complex, from the order sheets. 

S. Finally, no one person was interested in critical scrutiny of all the jaundiced 
Putients. both as to administration of a therapeutic plan and stud}’ of the results. • 

In 1941, by rehabilitating all the measures proved effective before the intro- 
uctioii of vitamin K and by establishing a plan of vitamin K therapy according 
*0 tile recommendations of Snell, we did far better. Even then, because the plan 
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was not rigidly adliercd tn, one patient who was not followed carefnlliy had post- 
operative bleeding and suhseciucntly died. In 1941, the average preoperative 
period in the surgical ward was seven <lays. My associates and I, made out 
the diets, to the last detail, in cooperation with the dietitians. Wc educated 
them to our problem and as far as necessary individualized the diets to meet the 
obvious practical problems. 'J'hus, in 1940 the problem of hemorrhage was solved 
by the proper use of vitamin K, as it was in all other clinics. But not until now 


have I felt that the sum of our treatment made an intelligent amswer to the problem 
of operative mortality in the jaundiced patient. 

Could response to vitamin K as measured by the Quick test be used as a test 
of hepatic function? No response or a poor response is of gloomy prognostic 
significance. In 4 of the 5 patients who did not respond, hemorrhage was the major 
clinical cause of death. Two of our patients, H. H, and E. F., responded well 
to oral administration of vitamin K. At autopsy, both showed extensive damage 
to the liver. Clinically, the death of H. H. was due to hepatic failure. On the other 
hand, G. a patient operated on this year (and not included in the series), 
showed no response to intravenousl}' administered vitamin Iv. Her progressively 
downhill course forced a decision ; she was operated on and made an uneventful 
recovery with no evidence of postoperative bleeding. I can now recall the isolated 
cases reported by Illingworth, Butt and others, in which very low levels of 
prothrombin were not accompanied by postoperative hemorrhage. Coller and 
Farris concluded that patients with severe hepatic damage that do not respond 
to vitamin K are rare. Ziffren’s-'^ report indicated some correlation between, 
results of prothrombin tests, hepatic function and prognosis. However, the litera- 
ture and iny experience lead to equivocal conclusions. Again, all I can say is 
that prothrombin and tests for prothrombin as known today are not by any means 


the whole story in cases of obstructive jaundice. 

The failure of vitamin K wholly to solve the problem of operative mortality 
once more focused attention on hepatic pathology and physiology. Recently 
Schnedorf and Orr described extensive fatty changes seen in the liver m 
patients with carcinoma of the head of the pancreas; they advised the chnica 
trial of certain lipotropic substances to correct the apparent fault in hepatic 
metabolism. In our cases we found the pathologic picture more complicate 
Complete postmortem examinations were carried out on 8 of 12 patients^ w i 
died. From another patient a specimen of the liver was obtained for biopsy. 
Examination of the structure and composition of the liver revealed that we were 
dealing mainly with fatty changes, necrosis, infection, sclerosis, degenerative 
changes in the hepatic cells themselves and malignant metastases. Of the 8 patien 
on whom autopsy was done, 100 per cent showed unquestioned pathologic changes 
in the lungs; 4 showed pathologic changes in the pancreas. Whereas chnica y 
only 1 death was ascribed to hepatic failure, pathologically the liver was c i^ } 
incriminated in 6 cases. Because of some toxicity, jaundice and postmortem cnaUj, 
significance cannot be attached to the pathologic changes observed in the pancreas. 

In 1929 Ravdin and his co-workers reported data derived from experimen ^ 
on dogs in support of a newer concept of hepatic glycogen and lipids. They 
experimentally that a high protein as well as a high carbohydrate diet gives the es 
protection to the liver. Consequently, they have advocated the use of 
diets in the preparation of jaundiced patients for operation. Ravdin^® advise 
intake of at least 3,000 calories divided as follows: protein, 20 to 25 j 

carbohydrate, 75 to 80 per cent ; fat, less than 5 per cent. The use of m e 
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feedings, the preparation of individual diets (as for a diabetic) and the administra- 
tion of crystalline vitamin B, arc stressed. Doubt is cast on the intravenous use of 
dextrose, at least as a sole preoperative measure. Still Cowan and Wright and 
in 1939 Soskin and Hyman stressed the value of intravenous administration of 
dextrose in providing a strong immediate stimulus for glycogenosis. It also forms 
a means of providing carbohydrates for patients who are desperately sick and unable 
to take an adequate diet. 

At this point, it is important to distinguish between damage to the liver and 
degeneration of the liver, between the sequelae of a single trauma to a healthy 
dog’s liver and those of a persistent noxious process in a human liver, a process 
which itself may be superimposed on preexisting pathologic changes and have 
added to it finalh- the trauma of anesthesia and operation. How well will 
desperately sick jaundiced patients handle an excessive intake of protein? What 
proteins and what amino acids are best handled? Are any actually injurious? 
The lipotropic effect of certain sulfamino acids has been described by investigators.“- 
Recentl}-, however, evstine has been incriminated as a possible hepatotoxic 
substance. 

In 1939 Dragstedt and his associates ■‘® advanced the theory of a pancreatic 
Hpotrophic hormone called lipocaic, a fat-free pancreatic extract, small doses 
■of which are effective in curing the fatt}' liver of pancreatectomized dogs. Although 
some amazing clinical results on fatty livers are reported in the literature on 
■diabetes and on cardiac disease, lipocaic is still not recognized by the Council on 
Pharmacy and Chemistr)^■*^ It appears that the ordinary high protein diet for 
jaundiced patients will have to be modified in many respects. 

SUMMARY 

Trends in the treatment of jaundiced patients subjected to operation and their 
pathologic and physiologic basis are briefly and chronologically discussed. 

Operative mortalities before and after the introduction of -s^ltamin K are dis- 
■cussed. Vitamin K itself has not appeared to solve the problem of operative 
mortality in cases of obstructive jaundice. The reasons for failure are enumerated. 

The results of 42 operations performed in the last three years are presented. 
With an analysis of the therapy, operative mortality and postmortem obsen'ations. 

By the proper use of vitamin K, the problem of postoperative hemorrhage was 
solved; but it was onty by the application of a complete therapeutic regimen that 
the operative mortality was significant!}* reduced. 

Response to vitamin K as an index of hepatic function is discussed. 

The pathologic changes in the liver are discussed. Some pathologic changes 
have been found in the pancreas, but their significance is doubtful. 
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In 1913 Pforringcr reported tlie first case of spontaneous fracture occurrin 
in a patient suffering from lympliatic leukemia. A woman aged 50 sustained 
fracture of one femur, followed a month later hv fracture of the other femur while 
the patient was still confined to bed. At autopsy lymphatic leukemia was found. 
In 1931 Trusen ’ described the case of a child of 5 years who had severe anemia 
and leukopenia. The white cells numbered 2.800. of which 92 per cent were 
bmphocytes. The child was thought to have an acute aleukemic lymphatic leukemia. 
During the course of the illness the patient suffered a spontaneous fracture of the 
right femur. The child subsequently died, and at autopsy the typical changes of 
lymphatic leukemia were noted. 

REPORT OF A CASE 

E. L., a white woman aged 52, was first admitted to Kings County Hospital on .Aug. 17. 
1938 because ot an enlarged mass in the abdomen, weakness, fever and backache. The past 





Fig. 

1. — Variations in the total number of leukooTes and dosage of irradiation. .At P 
skeletal roentgenograms were normal ; at T there was pain in the right thigh, but a roent- 
Senogram revealed no abnormalit>' ; at X occurred a fracture of the right femur. In the lower 
^rtion of the figure are indicated the dates, amounts and sites of irradiation; K, to the 
kidneys ; 3", to the spleen ; C, to the cervical region of the spine : D, to the dorsal region of the 
spine; L, to the lumbar region of the spine; F, to the right femur, and Q, to the right forearm. 


tticdical history was entirely noncontributory. The present illness had begun two years 
previously. The patient had been admitted to another hospital, where the diagnosis of chronic 
itij elogenous leukemia was made. She received roentgen therapy there, but ^e data are not 
3'ailable. On physical e.\-amination the most significant observations were limited to the 


6. Pforringcr, D. : Ein Fall von Leukamie mit tumorartigen zu Spontanfrakturen ffihr- 
<^nden Afarkvvucherungen, Fortschr. a. d. Geb. d. Rontgenstrahlen 20:405, 1913. 

: ,2" 1'rtisen. M, ; Spontanfraktur bei cinem Kinde mit lymphatischer Leukamie. Monatschr. 
Kmdcrh. 50:45, 1931. 
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abdomen. Tlic liver was enlarged, e.vtending 4 fingcrbrcadtiis below tlie costa! margin; the 
spleen was below tlie umbilicus and c-vtended to the midlinc. Tlic patient appeared pale and 
apprehensive. Xo enlarged lympli nodes were felt. Tlie blood count and all subsequent 
hematologic studies arc presented in figure 1. Temperature, pulse rate and respiratory rate 
were 100.2 F., 82 and 22 respectively. The blood pressure was lOS systolic and 64 diastolic. 
The urea content of the blood was 58 ing. per hundred cubic centimeters, tlic sugar content 
SS mg. and the calcium content 10.4 mg. Roentgenograms of the skeletal structures disclosed 
no involvement of bones. The Wassermann reaction of the blood was negative. 

_As shown in figure 1, the patient was treated by irradiation of the region of the kidneys, 
which produced a rapid fall in the number of leukocytes and improvement in her genera! 
condition. She was followed in tlie radiation therapy leukemia clinic. There was a gradual 
rise in the number of white cells, and three months later radiation to the spleen was given. 
A reduction of the number of white blood cells and clinical improvement were again pro- 
duced. Two months later splenic irradiation was again instituted, the white cell count falling 
to 14,000. The patient’s course followed this pattern until her admission to the hospital, on 
Oct. 23, 1939, three years after the onset of her illness. .-Vt this time she appeared acutely 
ill, and a ’tender, painful mass was noted on the anterior aspect of the right thigh. Ten 
days later, while in bed, the patient suffered a spontaneous fracture of the lower third of 
Ae right femur. Roentgenograms showed a fracture at the middle of the lower third of the 
lemur with an area of destruction in the medullary portion of the shaft (fig. 2). The total 
number of white cells was then 105,000 per cubic millimeter of blood. Russell traction was 
applied to the injured limb. The patient’s course was rapidly downhill, in spite of a gradual 
lall in tlie number of white cells. Anemia became more pronounced, and death occurred two 
months after the fracture. .A, biopsy specimen taken from the site of tlie fracture shortly 

before death showed an area of absorption of bone in which there was an infiltration of 

cells, mainly myeloblasts and myelocj'tes (fig. 3). The total duration of the illness was 

about three and one-half years. 

SL’.MM.-tRY 

A case of spontaneous patiiologic fracture of tlie femur in a patient with chronic 
myelogenous leukemia is presented. It emphasizes the need for repeated and com- 
plete skeletal examinations of patients with chronic leukemia. When such examina- 
tions have been carried out as a routine measure, several interesting and unexpected, 
SS well as symptom-free, 'osseous lesions have been detected. When the universal 
distribution of the pathologic changes in the leukemic and lymphoblastomatous 
^seases is recognized, the occurrence of osseous lesions is not surprising. The 
infrequency with which they are found suggests the lack of routine and repeated 
roentgen examinations. The expense to the patient involved in a private hospital 
^d the excess of routine in a municipal charity hospital are potent deterring factors. 
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movable so as to come at the level of the knee, has a smaller hole through which 
the leg and foot pass. Drains near the bottom remove the water as the ice melts. 
A heavy rubber sheet is placed over the lower half of the bed. After insertion of 
the patient’s leg the box is placed on the rubber sheet. The patient's buttocks are 
supported and raised by a rubber-covered pillow. The head of the bed is raised on 



f’S. 1. — !Metal box in which the limb is placed for chilling. The partition, shown in 
position for the average leg, is adjusted to come at the level o£ the knee by sliding it into 
the appropriate slots. Drains to which rubber tubing is attached remove water as the ice 
melts. All free edges of metal are rounded over wire. 



Fig. 2. — Same as figure 1, showing dimensions for construction. 


tnch (15 cm.) shock blocks, in order to keep the patient’s leg well in the box 
to allow moisture which condenses on the outside of the box to drain off 
’C foot of the bed. A small piece of rubber sheeting is cut, with a hole left which 
bo^- ttround the patient’s knee and t’ct blocks the hole in the partition of the 

■ t^nough to prevent the ice from falling through to the upper compartment. A 
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second piece is fashioned for the upper pari of the thigh, to block the hole in the 
end of the box. Finely chipped ice is now added to the lower compartment, cover- 
ing the leg to the knee. 

A half-hour later, when the leg is well numbed by the cold, a tourniquet of 
good quality gum tubing is placed about the leg at the level of the tibial tuberosity 
so that the ice extends 1 or inches (2.5 to 3.8 cm.) above the tourniquet. 
This tourniquet should be put on as tightly as possible, because the blood supply 
must be interrupted completely. 

We have maintained this stale for as long as ninety-six hours, although forty- 
eight hours is nearly always sufficient to bring the patient to the optimum condition 
for amputation. During this period general supportive measures are applied as 
indicated. 

Six or eight hours prior to the time for operation the upper compartment is 
filled with ice, which should reach to the upper third of the thigh.’ A half-hour 
later a second tourniquet is tied tightly about the thigh 1 inch (2.5 cm.) below the 
line of chilling and yet definitely' above the proposed operative field. This tourniquet 
must be tight enough to occlude the arterial supply' unquestionably or anesthesia 
will not be complete. Amputation is performed between the two tourniquets, which 
are left in place, the anesthesia lasting for at least an hour and a half. After 
operation a thin dressing is applied to the stump which is then covered with bare 
ice bags for twenty-four hours. The patient does not have any meals deferred, 
preoperatively or postoperativelyq and is permitted to sit up in a chair for an horn 
on the day of operation, after the procedure. 

REPORT OF CASES 

Case 1. — The first patient who received the ice-tourniquet treatment, a woman S5 jell’s 
o£ age, was brought to the accident room at about 5 p. m. on April 23, 1942, in an ' 

debilitated condition. She had at first refused to come to the hospital, and^ it was only a 
she had been irrational for three days that relatives took matters into their own hands 
brought her. She was extremely restless, her son stating that she had not slept for 
than an hour at a time during the previous four months because of the severe pain m 
left foot. She was considerably dehydrated, having been unable to swallow fluids for ^ 
four hours. The temperature was 104 F., the pulse rate 100, the respiratory rate 24 an 
Wood pressure 160 mm. of mercury systolic and 90 diastolic. She was not diabetic, nor 
she show signs of advanced heart ' disease. The distal two thirds of the left foot was g 
.•grenous, with cellulitis and edema extending halfway to the knee. Altogether she b® 
to the group of patients who inevitably die unless the kg is removed and who frequen > 
shortly after surgical intervention. On admission treatment by the ice-tourniquet tec 
■instituted. One hour later she dropped quietly off to sleep and slept soundly 
She received 2 liters of 5 per cent dextrose in physiologic solution of sodium chlori e i 
-venously during the night. When she awoke, about 8 a. m., she presented (-oni- 

■elderly woman who was alert, cooperative, able to eat her breakfast by herself and 
■pkte control of her faculties. The temperature had fallen S degrees during the mg , 
Temained normal, the highest rise being to 99 F. on the third day. The pulse rate 
5ind the respiratory rate 20. She was cheerful and extremely relieved that the pain 
foot had at last stopped. When the question of amputation arose, she flatly refuse 
was only after it had been explained that the severe pain would return if the ^ 

Temoved from the ice that she consented. From this time she became mentally 
stating that she wished to die, _ • ed to 

Forty hours after her admission to the hospital the level of the chipped ice was rais^ 
the junction of the middle and the upper third of the thigh. A second tournique ' 
tightly at the midthigh a half hour later. After six hours she was taken to t e 
room where, with the two tourniquets still in place, a supracondylar amputation ' 
formed. No sedative nor further anesthetic was used or needed. The blood ^ opera" 

start of operation was 170 mm. of mercury systolic and 100 diastolic, and during i 
tion it rose smoothly to 195 systolic and 100 diastolic. The skin was closed tig ) god 

drainage, after the upper tourniquet had been removed. A light dressing was a 
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the stump was surrounded hy ice bags for the next twenty-four hours. On removal ot the 
tourniquet the compressed tissue appeared white and lifeless, but twelve hours later it was 
with some difficulty that the slightly erythematous mark could be identified. The tissues 
during tlie amputation were firm and cold and of excellent color, and the blood was not 
clotted in the vessels. 

A half-hour after being returned to the ward she took her full diet and appeared as though 
no operation had been performed. Lnfortunatcly the loss of the leg caused her acute depj^s- 
sion; she did not wish to live and soon began to resist taking fluids and noiiri.'^lunent. The 
stump did well althouch it drained a moderate amount of pink serous fluid for four days. 
The patient's depression continued and. despite all efforts, bronchopneumonia developed on the 
fourteenth postoperative day and she died. 


The following eases arc cited for comparison of the efrects on the patient of 
spinal anesthesia induced with procaine hydrochloride and anesthesia induced with 
the ice-tourniquet technic. 


C\SES 2 and 3 On Sept 23, 1942. 2 rcniark-ably similar patients arrived at the hospital, 

both 'having dry- gangrene of' the distal third of the right foot. Both were in good general 
condition, one being a white man aged 78 and the other a Negro woman aged Both 
patients received practicallv the same care while in the ward prior to operatiom ^le rnan, 
slightlv vounger, was definitelv the stronger. His temperature stayed below 99.6 F., while 
the woman’s ranged a full degree higher. On September 28, the woman s right leg was 
placed in ice to the upper thigh, and a tourniquet was applied at the level oi the tibial tuber- 
osity. An hour later a tourniquet was applied to the mid^igh. She did not complain of 
discomfort but rather received relief from the ache of her dying foot. The following morning 
supracondvlar amputations were performed on both patients by the same operator and team. 
The technic was as nearlv as possible the same except that the man was given the routine 
medication preparatoiw to 'spinal anesthesia, grain (15 mg.) of morphine sulfate, gram 
(0.5 mg.) of atropine sulfate an hour before the intraspinal administration of 60 mg. of pro- 
caine hydrochloride. He withstood the operation fairly well although he was definitely 
depressed. 

The woman, after her regular breakfast and needing no preoperative medication w-hatever 
underwent the same procedure. She carried on a conversation dunng the whole operation and 
was distinctly surprised to find that her leg had been removed. \Vithin an hour of returning 
to the ward'the woman had eaten her lunch by herself, while the man refused alj food except 
one mouthful of potatoes, after urging. During the afternoon 1« appeared mildlv depressed 
and in somewhat of a daze and was unable to sit up in a chair He reiused his supper, which 
meant that he had had practically no food during the day. The woman was bright, sat up 
in a chair for hvo hours during the afternoon and ate her regular supper. She needed no 
postoperative sedation whatever, while the man required t^vo %_gram (10 mg.) doses of mor- 
phine sulfate, during the afternoon and night. The postoperative course of the stumps was 
almost identical. The man’s stump drained moderately for one day, while the w’oman s 
drained for three davs. Both stumps appeared agglutinated by the fourth day; the womans 
sutures were removed on the eighth day and the man’s on the eleventh _^y postoperatively. 

the time of writing both have comfortable, firm, well healed stumps. The man s tempera- 
ture rose to 101 F. on the first two postoperative days, while that of the woman was normal 
with one elevation to 100.2 F. on the third day. 


C.^SE 4.-A second opportunity to compare the two anesthesias occurred at about the same 
time. On Au" ^0 194’ a 66 year old white Hungarian came to tlie hospital complammg ot 
pain in his right" foot of four 'months’ duration. During this time he had receiv'ed parae.x 
treatments to both feet at another hospital. A month prior to his admission to hospital 
an ulcer developed on the lateral border of the right heel, which resisted h^ing. The whole 
foot shortly became cold and bluish, and a second ulcer appeared on the dors^. _ The foot 
was too painful to walk on and the patient was sent to the City_ Hospitals. Review of me 
lamily historr- showed that the patient’s father died at the age of oS frora_ heart disepe. His 
mother died at the age of 30 from an unknown cause- There was no history ot diabetes in 
die family and no other significant findings. Before the onset of his illness the patient had 
been working in a bakery. He had had mild exertional dyspnea of late years. 

Physical examination' showed a tliin white man who appeared physically older than his 
stated 66 vears. The blood pressure was 150 systolic and 90 diastolic, the temperature 100.6 
P- the pulse rate 108 and the respiratory rate 22. The skdn was diy, loose and inelastic. 
There were scattered moist rales at the bases of both lungs. The size of the heart was 
'vithin the upper limits oi normal. There was advanced arteriosclerosis, and no pulse was 
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palpable in either foot or ankle. The right foot was cold and cyanotic, with one ulcer on 
the dorsum and another on the lateral aspect of tlie heel. The ankle showed a mild cellulitis. 
The urine was clear; the white blood cell count was 7,900, and the hemoglobin content was 
105 per cent. 

Warm saline compresses were applied to the ankle. The patient was given grain 
(IS mg.) of papaverine hj'drochloride every four hours in an effort to increase the blood 
supply to the foot. He received four lumbar sympathetic blocks with procaine hydrochloride 
during the first ten days, during which the threatening gangrene became definite, involving 
the distal third of the foot. The patient’s general condition was good; he was taking his 
meals well and was able to be up in a chair and look after himself in many ways. 

On September 10 a supracondylar amputation was performed. The patient was given the 
routine medication of grain (15 mg.) of morphine sulfate and Mao grain (0.5 mg.) of 
atropine sulfate an hour before the spinal anesthetic of 60 mg. of procaine hy’drochloride was 
administered. The operation was the standard one that is used routinely in this hospital for 
supracondylar amputations. During the operation the blood pressure dropped to 95 systolic and 
60 diastolic but was restored to the preoperative level with vasoconstrictors. 

After the operation the patient was extremely depressed, although not particularly more 
so than the average elderly patient after a major operation and spinal anesthesia. His 
depression, however, was emphasized when he was compared with patients who had had the same 
procedure with the ice-tourniquet anesthesia. What little he ate for forty-eight hours was 
hand fed. He was not able to sit up for two days but lay in a stuporous slump. His memory 
of this period was of a vague horrible dream. After forty-eight hours his strength gradually 
returned, and he went on to an uneventful recovery, the stump being well healed when he 
was discharged from the hospital sixteen days later. 

^ Duritig his last week in the hospital the other foot showed signs of embarrassed circula- 
tion, with coldness, cyanosis and tenderness. The patient insisted on leaving despite this new 
involvement, but four days later, on September 30, he returned with the toes and 'distal third 
o his remaining foot in an early gangrenous condition. The area was painful and very 
en er. His ^ temperature was 98 F., the pulse rate 80 and the respiratory rate 20. The 
genera physical condition had remained unchanged since his previous admission, and the 
stump was well healed, firm and not tender. He was treated as before, but definite dry 
^ngrene of the toes and distal half of the foot developed. On the evening of October 7 
e e t leg was placed in the box and the induction of anesthesia by the ice-tourniquet method 
was begun. The patient had no discomfort except a mild ache for the first ten minutes of 
contact with the ice. He slept well and ate a full breakfast next morning. About 10; 30 a. m- 
e was ta en to the operating room and an operation identical, to the previous one was per- 
ormed by the same operator on his remaining leg. Throughout the operation the patient 
earned on a spontaneous conversation and complained of no pain whatever. The blood pres- 
sure remained perfectly even._ As the operation was being finished he mentioned that he was 
u* Within fifteen minutes after leaving the operating room he had eaten a full soft 
^ imselh while sitting up in bed. Two hours later, on his own suggestion and unas- 
sisted, he got into a wheel chair and visited friends about the ward. At no time, either 
preoperatively or postoperatively, did he receive or need any sedation. For twenty-four hours 
ice caps "cce ^pt on the stump, which drained a moderate quantity of sanguinous fluid foe 
uu was slightly slower than after the first amputation, the stump 

uas well healed m two weeks and was firm and in good condition. 


COMMENT 

The details of our management of patients with arteriosclerotic gangrene 
depends on the urgency of their condition. If gangrene is well established in 
le ^ oot wit 1 a spreading cellulitis and the patient is in a toxic condition, 
opwously will benefit from an immediate physiologic amputation. Then for forty- 
eight hours general supportive measures can be carried out with the patient physio- 
ogically free of the offending limb. As a second phase of the treatment actual 
ampu a ion is t len performed with a more reasonable expectation of a satisfactop^ 

hand, if there is no infection present and the patient is in 
• ’ "*^)_ 5 do condition amputation does not constitute an emergency, and if t n 

order to minimize the general operative 
ssion 1 ncc e applied for only a few hours prior to the time for operation. 
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When the limb is first chilled it aches moderately for ten or fifteen minutes, but 
no patient has complained more than just to mention it. In cases in which there is 
severe pain from the gangrene, the ice affords a definite relief. The application 
of the tourniquet causes moderate discomfort also, but it is in no way excessive if 
the leg has been well chilled. All sensation from the knee down stops entirely within 
a few more minutes. 

In every case the temperature of patients with only gangrene and spreading 
cellulitis fell to normal within twelve hours of the application of the ice-toumiquet 
treatment. By far the most dramatic and convincing factor of this whole manage- 
ment was the tremendous change for the better which occurred in the first twent}*- 
four hours. To be convinced, it is necessary to see this change, since it is difficult 
to evaluate statistical!}-. Suffice it to say that the improvement described in the 
first case has been duplicated mam- times. 

In the six month period since the ice-tourniquet technic was first tried for the 
management of arteriosclerotic gangrene 20 amputations have been performed 
at this hospital, 7 wth spinal anesthesia (60 mg. of procaine hydrocliloride), 
3 with intravenous pentothal sodium anesthesia and 10 with ice-tourniquet anes- 
thesia. From the start it was evident to all concerned that the preoperative phase 
of this management had unquestionable value to the debilitated, toxic patient in 
desperate need of supportive measures before operation. The actual value of 
the ice-tourniquet procedure as anesthesia for the operation appeared more open 
to criticism. It was suggested that the preoperative chilling be used from the Imee 
down and that the amputation be performed above the knee, with spinal anesthesia. 
In this way operation could be performed' without a tourniquet, better hemostasis 
thus being permitted ; the incision would be through “live, healthy” tissue which had 
not been deprived of its regular blood supply and chilled considerably below body 
temperature for several hours, and the necessity for huriy-ing the operation ov-ing 
to a short lived anesthesia would be relieved. 


It was with the intention of proper!}- evaluating the aforementioned criticisms 
that the 20 amputations were classified as to the anesthesia used. The 3 patients 
receiving the intravenous anesthetic had each been prepared for ice-toumiquet 
anesthesia. In each case the anesthesia was poor because the arterial blood supply 
had not been occluded by the upper tourniquet. 


The second phase of treatment, namely, the use of the ice-tourniquet technic to 
produce anesthesia, has received critical evaluation in this hospital as to its actual 
■worth. At first there was a tendency to believe that eventually ice-toumiquet 


management would be reserved as a' preoperative measure for patients in a critical 
condition and badly in need of supportive measures prior to operation. Then, 
^I^cr twent}--four or fortv-eight hours, with the patient in a reasonably good con- 
dition, the amputation could be performed with the patient under low spinal 
anesthesia. Because of this belief, spinal anesthesia was used for amputations on 
relatively strong patients without complications. Patients for whom the ice-toumi- 
quet management was started as a preoperative supportive measure were carried 
through the amputation under ice-tourniquet anesthesia. Actually it was the 
jrursing personnel who called attention to the fact that the patients having their 
cgs amputated under the ice-toumiquet anesthesia were much stronger and more 
cooperative postoperatively. It was pointed out that when spinal anesthesia- was 
^sed frail patients were profoundly depressed for thirt}--six or fort}--eight hours 
^ operation, while when the ice-toumiquet technic was used they had a 
re atively good appetite immediately postoperatively, moved about in bed to help 
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themselves and wete able to sit up in a chair immediately. The contrast between 
the immediate postoperative reactions following the two types of anesthesia was 
noted again and again. 

The increased drainage after amputations for which ice-tourniquet anesthesia 
was used was noted also by Allen. His explanation was that the chilling of the 
stump delays agglutination and so allows the fluid to drain out of the tissues. 
Supporting this statement is my observation that by the end of a week there is 
little if any difference in the appearance of the wounds whether the operation was 
performed under spinal anesthesia or done with the ice-tourniquet technic. In my 
short series the postoperative temperature took nine days, on the average, to return 
to normal after spinal anesthesia, as against only four and one-half days after 
ice-tourniquet anesthesia. Better drainage due to chilling may well be the reason 
for the difference. 

I believe that the use of two tourniquets is a distinct advantage. The later 
application of the upper tourniquet allows the tissues through which the operation 
is performed to be washed free of and recover from the toxins which were being 
absorbed from the infected foot. This advantage is lost when only one high 
tourniquet is used.^ 

In a recent report of a case Schiebel ® stated that for good anesthesia the 
tourniquet should be “just tight enough to restrict venous return, but not tight 
enough to interfere with arterial inflow.” It must be emphasized again that in my 
experience satisfactory anesthesia was secured only when the arterial flow was 
definitely interrupted. It is rather surprising how much force is required to occlude 
the blood flow entirely in arteriosclerotic limbs. 


SUMMARY 

The ice-tourniquet treatment has a very definite place as a preoperative measure 
m the management of debilitated patients with gangrene. 

Operative or postoperative reactions following the use of the ice-tourniquet 
method for anesthesia are slight compared with those following the use of spinal 
anesthesia. 

The need for preoperative and postoperative sedation is practically eliminated, 
e stump is apparently not harmed by the ice-tourniquet treatment, and healing 
IS perfectly satisfactory. 

The management of 4 cases is presented in detail. It is suggested that the use of 
tv o tourniquets with amputation between them, constitutes an improvement over the 
use of one tourniquet. 


22s Sant a Monica Boulevard, Santa Monica, Calif. 


6. Scliiebel, H. M. ; 
B.vtrcmifics in Diabetic 


Use and Evaluation of Anesthesia by "Freezing” for ^ 

Patients; Case Report, North Carolina M. J. 3:227-229 (May) 1942- 



NER\'E REGENERATION IN THE RAT FOLLOWING 
TUBULAR SPLICING OF SEVERED NERVES 


PAUL WEISS, Ph.D. 

CHICAGO 

For many years a method for uniting severed nerves has been used in experi- 
ments in my laboratory which has proved so superior to the conventional suture 
methods that the possibility of adapting it to the surgical needs of human beings 
desen-es serious consideration. W’hile the studies pursued with this method 
have branched into many phases of the problem of neiwe restoration, the following 
brief account will confine itself to those aspects which seem to be of immediate 
practical interest. 

The method consists in splicing the stumps of a severed nerve by inserting 
them in a close!}' fitting sleeve of live arter}'. First devised for use in the frog 
and toad ^ the method was then . applied to the rat - and has lately been used 
extensively in work on this animal. Save for a brief note,^ no special description 
of tlie technic and of the processes of nerve regeneration following its use has as 
yet been given. This missing information will be supplied in the present paper. 

It should be understood from the outset that the purpose of using an arterial 
link to reunite ends of a ner\'e is primarily to proride a firm tie between the 
stumps of a sort that will favor regeneration of nen-e fibers and prevent formation 
of scar tissue. It is not intended as a means of bridging larger gaps in a nen'e 
by providing regenerating fibers with a pipeline, as it were, for which purpose 
tubulation” or “tubularization” of ner\'e stumps has been used, with varj'ing 
success, in the past.^ As nerve ends can never be strictly apposed in the micro- 
scopic sense and, in fact, for best histologic results never should be,® the function 
of the arterial tube as a guide for ner\'e fibers will also come up for consideration, 
but this is a secondary matter. The main purpose of use of tlie arterial sheath is 
to eliminate the need of suturing the stumps together, so that the various hazards 
to neire regeneration inherent in ordinar}' metliods of suturing may be avoided. 
Owing to the greater tensile strength of the arterial link as well as to some other 
advantages to be discussed in subsequent paragraphs, tube splicing seems to be 
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superior, on the whole, to the only other sutureless technic of nerve union, the 
blood plasma technic of Young and Medawar.“ However, there will be situations 
in which arterial splicing is not practicable while plasma suture is. 

The adequacy of the arterial link has been proved both with regard to its 
mechanical function of tying and holding the nerve ends together and with regard 
to its capacity to provide most favorable conditions for the outgrowth of regen- 
erating fibers from the proximal stump and the invasion of the peripheral stump. 
The main advantages are as follows: 

1. Clotting blood plasma and tissue fluid seal the arterial sleeve tightly to 
the surfaces of the inserted nerve ends. As adhesion is proportional to the size 
of the adhering surfaces, the tensile strength of an arterial juncture, with the outer 
wall of the nerve and the inner wall of the artery in extensive contact, is naturally 
much greater than that of end to end blood plasma fusion, as practiced by Young,' 
just as two threads glued lengthwise to a common third thread are more firmly 
united than if they were merely joined end to end. 

2. The arterial link permits, without loss of holding strength, leaving a slight 
gap between the nerve ends, which seems to be beneficial to smooth nerve regen- 
eration. 

3. The introduction into the nerve of a foreign body, such as catgut, silk or 
nylon, is avoided. This not only precludes the foreign body reactions common in 
such cases but, more significantly, eliminates the disorientation effects which suture 
threads exert on the regenerating nerve fibers in their vicinity. 

4. Longitudinal stresses, which would otherwise be taken up by the unelastic 
suture threads, are transmitted through the tissue matrix filling the gap between 
the two cut ends and force that matrix into longitudinal orientation, which, in 
turn, imparts corresponding orientation to the regenerating nerve sprouts. 

5. As ^ a corollary of the preceding statement, the disorientation commonly 
observed in the so-called scar region is prevented, which reduces the incidence of 
fiber branching and of formation of local neuromas to insignificant proportions. 

6. The uninterrupted canalization between the two nerve stumps prevents both 
the escape of bundles of nerve fibers into the surrounding tissues and the ingrowth 
of scarifying fibrous tissue into the wound. 

^ 7. Branching and diffusion of fibers at the suture level thus being avoided, condi- 
tions are more favorable for an orderly point to point reconnection between central 
cells and peripheral organs than is common in -nerve regeneration. This, in turn, 
must be expected to have important bearings on functional restoration. Instead 
of allowing fiber branches to scatter widely all over the peripheral stump, the 
arterial sleeve insures the preservation of some degree of topographic localization 
throughout the process of regeneration. 

S.^ Arterial splicing makes it possible to mend small nerves for which ordinary 
suturing would not be feasible. 

In support of these statements, I shall present the results of a thorough histo- 
ogic stu y of 23 sciatic nerves of rats spliced with arterial segments, 10 of which 
were studied m regularly spaced cross sections while 13 were studied in serial 
longitudinal sections. On 8 of the transversally cut nerves complete fiber counts 
til rough rep resentative regions, old and regenerated, were made. Moreover, most 

12S P. E.: Fibrin Suture of Peripheral Nerves, Lancet 2:126- 

]()>■/' d- Z.. The Functional Repair of Nervous Tissue, Phyriol. Rev. 22:318-37'!, 
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animals before being killed were subjected to physiologic tests in which the isometric 
tension produced by the gastrocnemius muscle on stimulation of the regenerated 
sciatic ner\'e was recorded. 

TECHNIC 

While many kinds and sizes of nerves have been used, the following description 
will be confined to the suture of the sciatic ner\'e in rats of between 200 and 
300 Gm. bod\' weight. Arteries of proper diameter are furnished by the trunk 
aortas of smaller animals and the carotid and femoral arteries of larger animals. 
The arter}" which appears in all figures 1 B to 7 of this report is a segment of aorta. 

The sciatic nerve is severed in the proximal part of the thigh, either at the 
level where it is still uniform or at a more distal level, where it is already internally 
subdivided into a peroneal and a tibial branch. After transection the two ends of 
the nen-e are inserted into an arterial sleeve previously prepared in the following 
'vay. A segment of arter}’ about 1 cm. in lengtii is transferred into Ringer’s 
solution, where it is freed from its blood content by gentle squeezing. A specially 
designed splicing forceps is then introduced into the empty lumen. The procedure 
is illustrated in figure 1 A. The splicing instrument consists of a forceps terminat- 
ing in two half-cylinders, which when closed form a tube. Into this fits a solid core 
of conic shape (fig. 1 A, a'). For use on smaller nerves the half-c\'linders are 
fashioned by grinding down hypodermic needles of suitable gage. These are then 
soldered to the prongs of a steel forceps. For greater rigidity the proximal part 
of the needle is filled with solder. Both halves are so adjusted that when the 
forceps is closed they will meet edge to edge. Since the base of the conic core has 
the same diameter as the outside of the tube, the closed forceps and tlie inserted 
core form a continuous tapering rod. In this position the instrument is introduced 
into the arter}', as shown in figure 1 A, b. From the tapering core the arterial 
fragment is then pulled over the cylindric end of tlie closed forceps, whereupon 
the core is withdrawn and tlie forceps slightly opened so as to distend the arterj- 
(fig. lA,c). Since in the case of tliick-walled arteries the spring of the forceps 
may not be sufficient to produce distention, it is advisable to fasten a setscrew 
between the t\vo prongs of the forceps, the turning of which can force the branches 
^Part. The open forceps is then slipped over one of the ner\-e stumps so that the 
cut end will come to lie between the two prongs inside the widened orifice of the 
arterial sleeve. After tlie nerve end is clutclied by closing the forceps, the arterial 
tragment is pulled back from the forceps over the nerve, as shown in figure 1 A, d. 
When the forceps is withdrawn, about one half of the length of the sleeve is left 
over the ners^e end while the other half is empty (fig. 1 A, e). 

To introduce the other nerv-e end into this empt)" part, an instnunent illustrated 
lu figure 1 A, f and called the “spreader” is used. It consists of a clip fashioned 
from an elastic wire band and acting like a forceps with reversed tips. When this 
clip is closed b}" lateral pressure with a needle holder, the t\vo free end pieces are 
brought in apposition and can then be easily inserted into the open end of the 
arter}'. On release, the spring of tlie instrument opens the arter}-, as sho\\'n in 
sure 1 A, g. By appropriate bending of its apex, the elasticitj' of the instrument 
can be adjusted so as to distend the artery to just the desired amount. The nerve 
stump is then introduced into the opening and pushed on until it meets the 
previously inserted stump. When the spreader is withdrawn, the released arteiy* 

> Its elasticit}- clamps down on the second nen-e stump. The surfaces of the 
spreader must be polished, for rough edges tend to pull the nen-e out again. The 
tl]^^ arterial sleeve on the W-o nen-e ends is then tightened by stretching 

c arten- lengthwise with two pairs of forceps. This secondary elongation entails 



528 


ARCHIVES or SURCERV 


a slight separation of the formerly closely apposed cut surfaces, as is shown in 
figure 1 A, h. However, such a small gap, measuring in length not more than the 
diameter of the nerve, is not detrimental hut apparently even favorable to smooth 
crossing of the regenerating fibers from the jrroximal into the peripheral stump. 



"chu'c nS section 

<lis('il ((!) stiiniri nno" I ? 'f spliced with arterial sleeve, at transition from proximal (/>) 

Sole hi, Si: " 


During the operation the wound bed may be irrigated witli Ringer’s solution. 
V lit I prevents tlic sticking of the instruments to the tissues. The splicing should 
no H ( one nnti intrancural bleeding from tlie cut section has cea.scd. In faok 
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if there should ije secondary I)leeding into tlie gap between the two stumps after 
the splicing, it is indicated to withdraw the peripheral stump from the sleeve again, 
remove the blood clot and resplice. The effects of plasma clots left between the 
stumps are being further investigated and will be reported in a later communication. 

After the splicing, all excess fluid is blotted or sponged from the surroundings. 
Lea\'ing the exposed area to dry for several minutes results in a firm tie between 
the wall of the artery and the inserted nerve stumps. Residues of blood plasma 
along the inner wall of the arter\- obvioush' help in cementing tlie union. That 
this is not absolutely essential for successful splicing, however, is demonstrated b}' 
the fact that arteries kept in Ringer’s solution on ice for one or two days are quite 
adequate, although their inside is much more slipper}^ than that of fresh arterj-. 
\Vhen these are used, the clotting of the fresh tissue juice along the stick}' surface 
of the ner\-e obviously provides the sole cementing agent. The wound may then 
be closed. Experiments with prolonged exposure show that after fifteen minutes 
tire tie has become firm enough to withstand moderate tension. Pending more 
exact determinations of the tensile strength of arterial joints at various intervals 
after tlie operation, it may be stated that in some test experiments in which the 
wound was opened a few hours after the operation noticeable pull was required 
in order to break the link between the two nerce stumps. Since the adhesive 
power between arterial wall and neiwe surface is proportional to the extent of 
surfaces in contact, and hence to the length of the arterial sleeve, the latter will 
have to be made the longer the more tension the spliced nerr-e is expected to 
sustain. 


HISTOLOGIC OBSERVATIOXS 

A number of typical examples may serve to illustrate the type of neiwe 
regeneration obtained with arterial splicing. Fixation in Bouin’s fluid under 
stretch and impregnation with silver salts according to the method of Bodian, 
sometimes supplemented by staining with Mallor}--azan stain, have been used 
throughout. 

Figure 1 B presents a longitudinal section tlirough the region of a splice one 
hundred and fifty days after the operation. The proximodistal direction is indicated 
in the picture. The central mass of ner\'e fibers can be seen to be bounded on 
either side by the laminated arterial wall. The seven to eight layers of elastic tissue 
forming this wall can be clearly recognized. The levels of the original cut surfaces 
can be reconstructed from the extent of the original epineurium of the neiwe 
stumps. Since the perineurium and epineurium have failed to regenerate, their 
margins indicate approximately the fartliest extent of old nen'e. These levels are 
marked in the figure b}' solid lines. Bet^veen them the nerve fiber masses are 
devoid of epineurium and sheathed directly by tlie arterial sleeve. This region 
then corresponds roughly to the former gap. Since there may have been some 
slight retraction of the epineurium on either side of the gap, the original distance 
behveen the ner\-e ends may not have been quite as large as it would seem from 
the final picture. At an}' rate, this is the region which corresponds to the so-called 
scar region, or suture line, of a ner\-e sutured by ordinar}’ methods. It can be seen 
rom the picture that in this area tlie nerve is attenuated. This is due in part to 
le absence of the epineurium and in some measure to the smaller size of the nerve 
. crs. As will be shown later, however, it does not express a significant decrease 
the number of fibers. 

Several striking features of the regenerated nen-e become obwous at once, 
ic ner\-e fibers run in a straight course and in parallel orientation from the 
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proximal stump into the gap region, continue williout defiection or confusion 
through this region and pass on straiglit into the periplieral stump. Nowhere 
is there evidence of the profuse branching, straying about and intermingling of 
fibers commonly observed at the transition from the proximal to the peripheral 
stump of nerves sutured by ordinary methods. 

Figure 2 gives an enlarged view of the transition from the gap region into the 
peripheral stump of the same nerve as in figure 1 B. The entrance into the old 
peripheral stump is marked by the appearance on one side of the picture of the 
old cpineurium ; on the other side some fat tissue has penetrated. The central part 
of the picture is taken up l)y the strands of regenerated nerve fibers. These form 
a compact mass, packed about as densely as they are in normal nerve. They 



. 2.— Same preparation as in figure IB at transition from “gap” to peripheral stump 

(X 115) ; a, arterial wall; p, perineurium. 


follow a well oriented straight course. Their size varies from very thin to 
relatively large fibers. In estimating size of fibers it must be remembered that 
with the methods of fixation and impregnation used in these studies large axis 
cylinders collapse in many places along their course, which gives them^ t le 
appearance of a string of beads, each myelin segment showing several constrictions. 
A further discussion of size of fibers will be presented later. , , 

To either side of the nerve mass one sees spaces filled partly with vascularize 
fat tissue and partly with loose connective tissue, the extent of the latter being 
^^^g.gcratcd by^ shrinkage during fixation. These layers separate the nerve core 
from the wall of the artery, which can be recognized b}'^ the characteristic lamination 
of the elastic tissue. Lack of intimate contact Ijetween the nerve fibers and tie 





U'EISS—XERJ'E REGEXERATIOX IX RAT 


531 


inner wall of the arter}’ is a frequent occurrence near the original arterial openings, 
where the epineuriuin and adhering loose connective tissue were tucked into the 
arter}% In many spliced nerves, of which the present one is a typical example, 
there has been a definite tendency of this tissue to Ijecome converted into fat 
tissue, which then has remained interposed between the arterial wall and the surface 
of the ner%-e. Whether the breakdown of myelin with the liberation of phospho- 
lipids in this region has anything to do with this transfonuation into fatty tissue 
remains a matter for speculation. At any rate, this process remains localized about 
the ends of the sleeve, while in the intermediate zone close contact between the 
ner\-e fibers and their arterial container is preserved. This is further illustrated 
by tlie study of cross sections. 

Figure 3 shows cross sections through a spliced and regenerated sciatic nerve 
•one hundred and eighty-one days after operation at live different levels. The 
location of these levels is indicated in the accompanying diagram (fig. 3 F). The 
ner\'e had been transected at a level distal to its bifurcation into the tibial and 
peroneal divisions. Section A, through the proximal stump near the proximal 
€nd of tlie arterial sleeve, shows the two nerves with their perineuriums, surrounded 
by the arter}-. Some fat tissue can be seen wedged between the old epineurium 
and the arterial wall. This level is still more than 2 mm. proximal to the original 
level of transection. Yet the tibial nen'e (lower left) gives evidence of being 
■composed largely of regenerated fibers. In contrast, the peroneal division (upper 
right) shows essentially the organization of normal nen-e, although it, too, contains 
a certain contingent of regenerated fibers. The situation is explained by the fact 
that ascending traumatic degeneration following transection of a nerve may extend 
several millimeters centrad from the wound, so that regeneration actually starts 
from a level slightly proximal to the actual level of sectioning. The difference 
between the peroneal and the tibial nerves in this case is simply due to tlie fact 
tliat after transection the latter has retracted a little farther in its sheath (fig. 3 F). 
Section B, which lies 2.5 mm. distal to A, shows the end of the proximal stump 
of the peroneal nen^e, while the fibers of the tibial nerve at this level have already 
■entered the gap between the original stumps. Consequently, the peroneal nen^e 
(in the center) is still surrounded bj* some of its perineurium, while the fiber 
masses emerging from the tibial nerve (on the left) are applied directl}’ to the inner 
wall of the artery. Section C, which is 2 mm. distal to section B, lies entire!}’ 
W’Unin the gap region, and here the fiber bundles fill the lumen of the arterv' com- 
pletely, except for a small extension of vascularized fat tissue on the right. 

This is, then, the aspect in cross section of the fiber masses between their 
■emergence from the original proximal stump and their entrance into the original 
distal stump; in other words, tire suture line corresponding to the scar region of 
ordinaiA’ nerv^e sutures. The fibers can be seen arranged in small bundles, t}’pical 
of regenerated nerve, with some larger spaces in between. It will be noted that 
nearly all fibers appear hit in their cross section and that practically none course 
m the plane of sectioning. This is merely another expression of the straight, 
parallel, longitudinal orientation of the regenerated fibers. Section D, 2.5 mm. 
distal to C, is from the region of the old peripheral stump of the tibial and peroneal 
nen-es, still inside the arterial sleeve. Both nen’es are completely refilled with 
nerve fibers, surrounded by their old perineurium and again accompanied by fat 
^'ssue. as previously discussed. Section E introduces a still fartlier distal level, 

£ dim. from D, ^Yhere each nen’e has become subdivided into branches. Except 
fibeV*^"' spaces, these branches have received their full complement of nen’e 
rs, and, as can be seen, many of these fibers have assumed fairly large diameters. 
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Figure 4, finall}’-, gives del.ails at higher magnification from sections 3/1, C and 
D, respectively. Except for an occasional straggler coursing obliquely or trans- 
versally, the vast majority of fibers can he seen to he orietUcrl perpendicular to 



Cross sections through an artery-spliced and regenerated sciatic nerve one hundre 
and eighty-one days after the operation. Further explanation is found in the text (X 62). 

the plane of sectioning, i. e., parallel to the axis of the nerve. A comparison of 
the middle section, which runs through the gap region of the nerve splice, with 
ot ler ttt o sections reveals that on the whole the reorganization of the ne 
IS somewhat further advanced inside the old stumps, both central and periphera , 
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than it is in the interveninsj aonc. In the latter tlie lihcrs arc more loosely packed, 
there is a somewhat "renter proportion ot cndoncnral tissue and there seem tn 
he fewer fibers of the largest caliber. It would seem, therefore, that in the 
peripheral stump, where the fibers had the benefit of traveling inside the old 



Fig. 3. — (Continued). 


degenerated Schwann sheatlis, reorganization and maturation took place at a 
slightly faster rate than in tlie pathless area of the gap. Sections from other spliced 
nerves confirm this impression. However, it will require more intimate studies 
determine whether the observed differences are significant. 

. ^Vnh reprd to size of fibers, a striking difference exists between tlie old fibers 
in the proximal stump and their regenerated peripheral parts, as seen in figure 3 B 
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and C. The left upper lialf of fimuT d .1 shows a sector of tlic orij^inai filler 
complement of the peroneal nerve. While many of these fibers were hit slightly 
obliquely and therefore apjjcar somewhat larger, most of them, ])articularly toward 



Fig, 4. Details from cross sections A, C and D of figure 4 (X 210)- 

the center of the nerve, appear in straight cross section. As one can readily 
the proportion of large diameter fibers in this old nerve is much greater t , 
to be found at any one of the more distal levels. It is well known that the ne y 
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regenerated branches, growing out from a severed central stump, are .all ver}- thin 
fibers of more or less equal diameter. It is only secondarily that the- peripheral 
parts of some of the regenerated fibers will grow in thickness, tending toward the 
restoration of the ditTerentials of fiber size e.\isting in normal nerves. How closely 
the original pattern of size distribution is restored and to what extent the resump- 
tion of a definite caliber is controlled by the origin of the fiber branch, the path 
it has taken, the length it has attained and the termination it has re.achcd Inave 
not yet been systematically investigated, although some occasional attention has 
been given to the problem. However this may be. it is obvious that in the present 
nerve the fiber composition of the pcripbenal trunk has not yet been fully restored 
to its original condition in six months after the transection. By far too many 
fibers are still in the small and very small classes, with fibers of the larger caliber 
comparatively scarce. 

All other nen-es studied on which the operation was performed properly 
conform to the type of regeneration just described. In all of them the nerve fibers 
have retained their straight longitudinal course throughout the gap and peripheral 
stump. Occasionallv single fibers or small bundles do run off at an angle for 
short distances, but these occurrences seem to be negligible when contrasted with 
tlie strict longitudinal orientation of the bulk of the fibers. Perineurium and 
epmeurium have not regenerated, and within the stretch inten-ening between the 
original cut levels the fibers are in direct contact with the inner surface of the 
arterial sleeve, which within this area, then, sen-es as nerve sheath. 

The vascular supply of the regenerated nerves is partly intraneural, with most 
vessels running lengthwise inside the ners-e, and partly perineural, with accessoiy- 
vessels from the interstitial fat tissue entering die ner\-e. 

FIBER COUXTS 

Counts were made of the number of ner^-e fibers seen in cross sections of 8 of 
the ner\'es operated on.® Data for 5 of these, for which complete counts are 
available through all three critical levels, i. e., through pro.ximal stump, gap and 
distal stump, are included in the following tabulation. The remaining 3 counts 
are incomplete in that no enumeration was made at the level of the gap, and these 
are therefore omitted. 

The counts were made according to the method regularly used in this laboratory- 
m the past.® The margin of error of this method was found in earlier obser\-ations 
to lie below 2 per cent for fibers stained for myelin and within 6 per cent for 
silver-impregnated fibers.® In view of the large number of very fine fibers present 
in newly- regenerated nen-e, increasing die difficulty- of identification, the coimting 
error may^ be considered higher in the present tabulations. The results are sum- 
marized in the table. 

The most striking point is the close correspondence between the number of 
fiber sections counted in the old proximal stump of the sciatic nen-e and the number 
of regenerated fiber sections within the gap area. Only in nen-e B does the gap 
show a deficit of nearty 20 per cent, and this is readily explained bv the fact that 
in this experiment the artery- had in one place sustained a break, through which 

S. Dr. Raymond LiUviller assisted in making the fiber counts. 

Cnnf ‘ • Quantitative Studies on Nem-e Regeneration in Amphibia : I. Factors 

trolling Nen,-e Regeneration in Adult Limbs, J. Comp. Neurol. 69:427-447, 1938. 

Resnnn'^'^^V^' ■ ^vrther E.xperimental Investigations on the Phenomenon of Homolosous 
■the Transplanted .Amphibian Limbs: II. Nerve Regeneration and the Innem-ation of 

transplanted Limbs, J. Comp. Neurol. 66:481-335, 1937. 
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contractile tissue which has become reinnervated. 

a pastrocnemius^rnt^^i^ '' results, the maximal tension obtained from 

equal to that reco J^mnervated from a spliced sciatic nerve was approximately 

qual to that recorded from the opposite gastrocnemius muscle, with undisturbed: 
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innervation.” This means liiat tlic muscle on the side operated on either had 
sulTered only a minor denervation atrophy or else had become restored to its 
original size after reinnervation. In such instances, tensions developed after supra- 
maximal stimulation of the nerves were likewise nearly symmetric on the two sides, 
proving that all of the muscle fibers in contractile condition had received reinner- 
vation. This condition was found as early as ten weeks after splicing. This is 
remarkable, inasmuch as histologic preparations of these nerves reveal that most 
of the regenerated fibers are still rather immature, i. c., of small diameter with 
myelination in its early stages. In other words, the power developed by a motor 
unit does not depend on the state, size and degree of maturity of the efterent 
neuron provided neuromuscular transmission is estalilished at all. This, of course, 
merely expresses the all or none nature of the contraction of muscle elements 
activated by nerve excitation. 

In several instances, however, in which the histologic picture of the sciatic 
nen-e as well as the fiber counts proved that the neurotization of the peripheral 
stump was fairly complete, the muscle power on the side of the operation, neverthe- 
less, remained definitely deficient. Inasmuch as in most of these instances a 
comparison of tensions developed after direct and indirect stimulation showed that no 
major part of the muscle had failed to receive inner\-ation, the weakness must be 
ascribed to permanent atrophy rather than to incomplete reinnen-ation. Such 
atrophy is usually evident to gross inspection, and quantitative determinations have 
not as 3’et been made. In the case of ner\-e B of the table, for instance, in which in 
spite of a sizable escape of fibers, a good two thirds of the original fiber complement 
of the proximal sciatic stump was found present in the distal branches at the knee, 
the gastrocnemius muscle was able to produce only between 10 and 20 per cent 
of the tension of the opposite, normal, muscle, \\niy the atrophy goes further in 
some instances than in others has not 3'et been determined. It is ob\'ious tliat 
the atrophic condition of the muscles does not reflect on the number of fibers 


■regenerated inside of the nerve stump but merely limits the number of terminal 
branches that will be produced inside the muscle. It is tire average size, rather 
than the average number, of motor units tliat is reduced in such cases. 

Return of muscle power was not paralleled, however, by return of coordinated 
function. While the return of sensitivity progressed graduall3’-, as evidenced by 
the increasing reactions of the animals to nociceptive stimuli, motility" of the legs 


remained inadequate. Motor responses consisted of generalized contractions of 
the several muscles of the leg, rather them of coordinated movements with muscles 
m orderly well timed operation. In general, the limbs after reinnen’ation behaved 
rnuch as tliose described b3" Sperry" after crossing peroneal and tibial nen-es. 
Reciprocal contraction of antagonists is absent, and most responses are character- 
ized by" the prevalence of rigid plantar flexion. Sperry ascribed this incoordination 
to the fact that not all muscles inneix’ated by either the peroneal or the tibial 
division normally" operate in phase. Therefore, random redistribution of the 
ueri-e fibers of both ner\-es during regeneration must result in simultaneous con- 
traction of muscles which originally' were engaged independently. Since the rat 
IS definitely incapable of any reeducation of its motor apparatus which might sen'e 


The use of the side not operated on as control is somewhat objectionable, since Tamaki 
amaki, K. : .Further Studies on the Effect of Section of One Peroneal Nerve of the Albino 
that Intact Nerve of the Opposite Side, J. Comp. Neurol. 64:437, 1936) has shown 

ner^-p f transection of the peroneal nerve in the rat depresses the growth of the peroneal 
“control" opposite intact side. Allowance must therefore be made for the fact that the 
been det slightly reduced. Whether the muscle suffers correspondinglv has never 
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to correct inacle(]uacies produced hy nerve crossinj,' or other irrcf^ularities of the 
pcriplieral nerve dislrihution,-"' '■ no iinproveinent in the inoof»rdinated condition 
of the motor responses was to he expected. 

A similar explanation may he advanced for the lack of coordination in the 
present experiments, assnminf^ that a larfje pro|)ortion of the rc/^encrated nerve 
rd}ers have come to terminate on muscles other than the ones with which they had 
originally been connected. 'Phis disarrangement of central-peripheral connections 
was not precluded hy the fact that, as one can .see from the histologic studies, the 
regenerating lihers have essenti.ally retained their mutual topographic relations 
while iraver.sing the scar and passing on into the jjeriphcral stump, f'or any degree 
of rotation of the peripheral slump in regard to the jrroximal stump in the act 
of .splicing mu.st have produced a corro.sponding distortion of the pattern of 
peripheral nerve distrihution relative to the original jrattern and thereby entailed 
the functional confusion of which the observed incoordinated activity was an 
expression. In man, in whom the well marked fascicular topograjrhy of the nerve 
furnishes better landmark’s for the orientation of the stumjrs than is available in 
the nonfasciculated nerves of the rat, a more congruous op]iosition of nerve sections, 
such as was advocated, for instance, by Stoffcl (Vulpius and StofTcl *■), would 
be easier to achieve. It should be remembered, however, that many neurosurgeons 
do not believe such careful matching of the nerve surfaces to be necessar}' and 
that actually in man reeducation, in the sense of a reorganization of the central 
impulse patterns, might remedy the inadequacies resulting from altered peripheral 
connections, for which the rat, as has already been stated, has no remedy. 


i-Ainuui'S 

While the arterial .splice when properly performed creates the most favorable 
conditions for smooth and unimjreded nerve regeneration, improper handling of 
the method may lead to failures just as severe as though no union of the stumps 
had been attempted. It has been well known since the work of Cajal that 
even wiicn the stuinps of a severed nerve are left separated a trickle of nerve 
inreis from the proximal stump will finally find its way into the peripheral stump. 
Ihe mechanism of this reunion, originally postulated to be chcmotropic, was .sug- 
gested by Dustii^'' to be haptotropic, and recent experiments’'' have furnished 
evidence^ that it is^ really a matter of contact guidance, rather than of attraction 
ovci a distance, I hose nerve fibers which happen to strike on a peripheral degen- 
ciatcd net VC tube of modified Schwann cells form an adhesive surface for other 
nerve fibers growing out later, so that gradually an oriented path between the 
proxunal and the peripheral stump is established. I-Iowcvcr, since the pioneering 
1 )ci s have to traverse the relativcl}' dense connective tissue of the scar and since 
this tissue does not seem to ofTcr particularly favorable conditions for their growth, 
icgeneration under those conditions remains always quantitatively inferior. 

Lxactly the same situation prevails when one of the stumps of a spliced nerve 
escapes fro m the sleeve. 'J'hc sleeve, if it docs not collapse entirely, becomes 


^ anti StofTd, A. : Orthopadischc Opcrnlionstclirc, ccl. 3, SttiUBarf, F. Fnkc, 

13, Kanion j Cajal, S. : Stiulicn (iber NcrvcnrcRcncration, LcipziR, 1908. , 

ncrvcux.?rd;.'^i; I’ocloKcnusc clans la r6gd,6ratlon tin .syslenie 

art Patterns: The Medianics of Nerve Growth, Growth (supp.) 5:163- 

Ne^-/ Fihrr T "ro Kxpcnnicnts on the Factors Determining the Course of the Oufgrow.ns 
Acr\c i-ibcr, J. Exper. Zool 68:393-448 1934 
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invaded by filjrous connective tissue no more advantn.'ieoits for regenerating nerve 
fibers than ordinary scar tissue. Similarly, any break in the wall of the artery 
in the region of the splice inijiairs regeneration in a double way. In the first 
place, it permits the escape of fibers into the surroundings and. secondly, it opens 
the interior to the ingrowth of connective tissue from the vicinity of the nerve, 
which, in turn, leads to jirogrcssive fibrosis and strangling of the nerve fibers 
inside. A break in the arterial wall may he due to accidental injury during the 
operation or to later erosion of the wall as a result of infectious or antolytic 
processes. An example of each of these types is jircsented in figures 5 and 6. 

Figure 5 shows the ciTect of a stab wound in the arterial wall made at the 
time of the operation. (Jwing to the lack of regenerative capacity of the artery 
this wound has remained open and has seriously affected the regenerative 



Fig. S.— Effect of a leak in the arterial wall on regeneration of nerve fibers, thirtj'-eight 
3JS after operation. An explanation is found in the text (X 82). 


processs of that area. Not only have the superficial fibers coming up along the 
perforated side of the wall escaped, but even deeper fiber masses have been 
^ ected toward the leak. The picture one obtains in these cases resembles 
at of a streaming liquid escaping through a hole in the wall of a tube. Just as 
the latter case eddies form — in the vicinit},' of the leak, so in the case of the 
Jierse an extensive area of disturbance is set up within a certain radius of the 
opening, and in this area the nerv'e fibers leave their longitudinal course and 
eoinerge on the hole. The mechanics of this disruption of the nen’e pattern are 
^PParently as follows : Blood plasma and lymph seeping through the hole after 
wa coagulate in the direction of the flow and thereby establish a path- 

In^ ■'vliich the regenerating fibers may turn when they arrive at this level, 
gron-th of connective tissue from the outside along this same pathway, more- 
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over, produces a lateral adhesion, the tension of which further accentuates the 
local disorientation. Since nerve fibers have been demonstrated to follow sucli 
oriented pathways,'^'’’ a permanent outlet for part of the regenerating fibers is 
thus established. 

Aside from distracting nerve fibers from their straight course, perforations 
are harmful in that they permit the invasion of fibrous tissue, which eventually 
establishes sclerotic islands inside the nerve. These, in turn, tend to choke nerve 
regeneration. While more detailed studies on the subject would be desirable, 
even our casual observations to date leave no doubt but that nerve fibers which 


lie embedded in this fibrous tissue remain very thin and immature. Even well 
oriented fibrous tissue is less jicrvious to nerve fibers than either degenerated 
nei've or the exudate of purely neural origin which fills the gap between the two 
stumps inside a well sealing arterial tube. Besides being a poor growth medium 
for nerve fibers, fibrous tissue may also be detrimental to the later functioning 
of nerve fibers contained in it, in that its progressive condensation may set up a 


pressure block interfering with conductivity'. 

In' a good splice it is evidently the uninterrupted clastic layers that render 
the arterial wall escape-proof for nerve fibers. While in most experiments the 
arterial sleeves have retained their original texture throughout their length, a fev 
have been observed in which circumscribed parts of the arterial wall had under- 
gone more or less extensive dissolution. This may assume the aspect of either 
a local erosion from the outside or a gradual loosening up and swelling of the 
layers of the wall, with cells from the surroundings penetrating into the spongy 
mass. Whether these lesions are due to abrasions suffered in the operation or 
to infection cannot be said. At any' rate, within these regions the arterial wafi 
becomes porous, and as a result the pattern of nerve regeneration in such a region 
becomes thoroughly confused. Evidently, the porous condition of the wall, with , 
the resulting transudation of tissue fluids and the release of longitudinal stress. 


causes again a widespread disorganization of the matrix inside the arterial lumen, 
within which the new nerve sprouts grow out, and this entails a complete dis- 
orientation of the nerve fibers in that vicinity'. 

Figure 6 A shows a tangential section in the longitudinal direction of the 
nerve through one such area. The middle portion of the picture shows criss 
crossing nerve fibers, many growing transversally and leaving the lumen of tie 
artery by penetrating through the wall. To either side of the artery one can see 
a dense neuroma consisting of contorted nerve fibers from the escaped masse-- 
In contrast to the effects of large holes discussed in the preceding paragraph, t ns 
porosity of the arterial wall, while permitting profuse dissipation of nerve n ers 
into the surroundings, does not seem to favor reciprocal inflow of fibrous 
Consequently, masses of nerve fibers which lie outside the immediately , a ® ^ 
area, particularly those deeper in the interior of the nerve, regenerate as 
they otherwise do in intact arterial sleeves. This is illustrated in figure o^- 
This figure shows a longitudinal section through the same nerve as figure > 
slightly distal to the level of the former, traveling through the gap withm ’ 
intact part of the artery^ Here the fibers have remained confined within t le i 
and have regenerated in strictly parallel longitudinal orientation with no branc - 
ing or confusion. 

The great number of nerve fibers seen in and around an area of 
tion of the sleeve (fig. 6 A) offers no correct gage of the actual loss o 
as sources for refilling of the peripheral stump, for, firstly, their contorted coi 
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in this area makes the same fibers appear several times in the same section, anti, 
secondly, there is evidence of extensive hranchiniJ, attrihntable to the wealth of 
obstructions to fiber i^rowth in this region. .Accordingly, the peripheral stumps 
of ner\-cs with lateral eruptitm of fibers are tint as hatlly tlcjiletcd after regenera- 



Effect of a local lesion in the arterial wall on growth of ner^-e fibers, one hundred 
se\enty days after operation. An explanation is found in the text (X 112). 

size of these local neuromas would suggest. Figure 6C shows a 
tihi section -through the branching point between the peroneal and the 

^ nerve (as in fig. 6.4 and B). It shows the whole tract of the nerve filled 
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with regenerated fibers, and, while the total vohiinc is slightly less than normal, 
it is not reduced nearly as much as one woulrl have cxjicctcd if the proximal 
fiber source had sufi'ered a pennauent reduction of such magnitude as figure 6B 
would seem to indicate. Nevertheless, fiber counts on cross sections demonstrate 
that leaks in the artery wall do result in a certain permanent deficit of regenerated 
fibers in the peripheral stump. In one example, for instance, in which during 
the operation a lateral hole was made in the artery through which fibers later 
escaped, a fiber count proximal to the break of approximately 6.000 fillers dropped 
to approximately 2,200 fibers inside the nerve gap beyond the break, which figure 
rose only slightly farther distally to less than 2,600 fibers in the peripheral 
branches. Thus, while a negligible amount of regulative branching may have 
taken place, a definite deficit has remained. 

Another type of failure results when a splice is made with arteries too small in 
diameter to accommodate the nerve without constriction. During the operation 
such arteries can, of course, be widened to the point where they can be forced over 



f of' nerve fibers due to constriction of the sleeve; bottleneck at entrj 

ot the proximal stump into the sleeve, thirty-eight days after operation (x56). 

the nerve ends, but in postoperative stages they contract again and strangle the 
nerve in the^ interior. When this happens, the effects on the nerve are serious. 
The histologic appearance of such a regenerate is exemplified in figure 7, showing 
the proximal end of a constricted arterial sleeve. As one can readily see, tie 
sleeve forms a bottleneck, inside of which the nerve fibers are condensed into a 
tightly packed bundle. Moreover, the proximal stump of the nerve is for some 
distance proximal to its entrance into the sleeve pathologic in appearance. A con 
spicuous edema is formed here, which gives the nerve a bulbous shape. The insi c 
of the nerve is loosened up, fibers and fiber bundles are widely separated an 
retrograde^ degeneration has proceeded farther centrally than is found after 
ner^e section. The edema proximal to the constriction is of great interest, 
clearly demonstrates that there is normally in the nerve a centrifugal flow oi 
“lymph.” Obstructed by the tight packing of the fibers in the sleeve, this flow is 
arrested and the dammed-up fluid distends the nerve. A similar observation, 






wniss—xiiRrE RnGEXER.irjox ix rat 


543 


namely, an edematous condition of the nerve stump in constricted human nerves, 
has been reported by Dustind® 

Close inspection of the nerve fil>crs passing through the bottleneck reveals an 
abrupt change of their sir.e and condition at the level of constriction. Proximal to 
this level there are many large fibers in advanced stages of maturation, while within 
the constricted area all fibers are small and immature, like those of ven' voung 
regenerates. This docs not mean that the large fibers have grown only as far as 
the level of the constriction and there become arrested, but rather that one and the 
same fiber has assumed large diameter in the proximal part but remained small 
and undeveloped within the compressed area. This could be ascribed to a sort 
of inanition effect resulting from the lymph stasis mentioned before, but it is more 
likely due to the obstruction of the centrifugal (low in the axis-cylinders themselves 
of some essential factor produced by the nerve cell body and required for continued 
growth in width of the peripheral fiber. This is suggested by the fact that the 
fibers just proximal to the level of constriction are often swollen and club shaped, 
as if some substance passing down the axon had become dammed up on the inside.^" 

The few such constrictions obsen-ed thus far were studied only five to six 
weeks after the operation. Therefore, it is impossible as yet to say whether the 
nnmaturit}- and small size of regenerated fibers under lateral compression are a 
permanent feature. However, in view of the tight packing of the fibers and the 
apparently firm stranglehold of the arter)', it may be considered doubtful whether 
these fibers will ever have an opportunity of acquiring larger caliber. Some of 
these compressed nerves have been studied oscillographically and will be discussed 
on a later occasion. It may suffice here to say that this condition seems to set up a 
definite pressure block interfering with conduction along those fibers. Therefore, 
although complete neurotization of the peripheral stump may be obtained even 
under these conditions, the functional results of such regeneration are rather 
inadequate. 

It is evident, then, that most failures of the arterial splice are due to improper 
manipulation during the operation or to the selection of arteries which are either 
too big, and thus admit extraneous fibrous tissue, or too small, and thus choke 
the ner\^e. 


COIIMENT 


Property executed, the arterial splice leads to a satisfactor\' reunion bet\veen 
proximal and peripheral stump and creates most favorable conditions for subsequent 
nen-e regeneration, provided the two cut surfaces can be brought within fair 
proximit}'. It can be applied wherever there is enough slack on the nerve to permit 
opposition of the cut surfaces. However, intimate contact between the two ends is 
neither necessar}- nor desirable. Pressing the two ends together so as to produce 
flanging forces the nen-e fibers into a tangle which a good suture tends to avoid, 
r loreover, it must be borne in mind that regeneration of the fibers does not actually 
start from the level of apposition but begins slightly more proximally, since a vari- 
able and uncontrollable amount of retrograde degeneration is bound to precede the 
onset of regeneration. 

It has already been pointed out b)- Nageotte ® that a slight gap between the 
nen-e stumps is advantageous for regeneration, and the same general conclusion 


^nstin, A. P. : Les lesions posttraumatiques des nerfs : contribution a I’histopathologie du 
pp peripherique chez rhomme. Ambulance de “I’Ocean,” 1917, vol. 1, "pt. 2, 

€G;147538^'^[9^' Trophic Impulse So-Called: Its Rate and Xature, Am. Xaturalist 
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must be drawn from the present cNpcrimcnts. 'J'lic size of the s-'ip experi- 

ments can be reconstructed from longitudinal sections as the distance between the 
margins of the proximal and the distal epincurium. The epineurium, at least under 
the conditions of our experiments, has shown little tendency to regenerate, and its 
edges, therefore, mark the limits of the old nerve stumps rather distinctly. , If these 
landmarks are used and allowance is made for the fact that they may have been 
slightly retracted during the healing process, it becomes evident that a gap up to 
3 mm. between the original nerve ends is compatible with good nerve regeneration. 
Through such a gap regeneration takes place with the same strict orientation, 
fiber alinement and ease as if the fibers were proceeding inside a degenerated 
peripheral stump. Larger gaps have not been found cciually passable, primarily for 
the reason that the arteries in such regions, lacking a solid core, tend to collapse so 
that their lumen becomes partly obstructed. 

The question now arises as to what forms the matrix, i. c., the medium in which 
the nerve fibers grow while traversing the gap. Obviously the gap is no void but 
is filled with substance even before the regenerating nerve fibers arrive, and the 
composition and properties of this substance become a matter of great interest in 
that they seem to be exquisitely favorable for nerve growth. Save for the few 
instances with postoperative intraneural bleeding, no large blood clot was present 
between the stumps, and therefore the matrix of the gap does not consist of blood 
plasma. The tight fit of the arterial sleeve and its sealing to the nerve bj' rapid 
clotting prevent the seeping in of e.xtraneous fluid. This seems to leave the interior 
of the nerve as the sole source of whatever medium fills the gap. It may be assiirned 
to be primarily composed of an exudate of intraneural “lymph,” possibly carrying 
additional products exuded from the severed nerve fibers and sheath cells. The 
connective tissue cells in the nerve do not seem to be numerous enough to be 
credited with a sizable contribution. That this nerve exudate is a reality has 
recently been demonstrated in tissue culture experiments in rvhich embr}^onic 
ganglions and nerves were reared at the phase boundary between a cover slip and 
a liquid medium. It was noted that if the medium consisted of Tyrode’s solution 
with or without a trace of blood serum added a film of substance would seep out 
from the living tissue along the phase boundary and that outgrowing nerve fibers 
would tend to hold themselves within that film. On fixation and impregnation with 
silver salts, the film reveals a fine reticulated structure, which would suggest that it 
contains fiber proteins or other fiber-forming elements capable of oriented aggre 
gation. While much of this work is still in the exploratory stage, it definitely points 
in the same direction as the splicing experiments, namely, that nerve tissue when 
injured produces an exudate capable of becoming oriented and obviously most favor 
able, in biophysical and biochemical regards, for rapid nerve growth. 

The role of the colloidal matrix in which nerve growth takes place has been 
discussed in earlier papers.^® The orientation of nerve growth has been reso ve 
essentially into a matter of the orientation of the surrounding colloidal particles p ns 
the tendency of the growing nerve fiber to comply with this orientation of its sur 
roundings. The exudate which accumulates between the nerve stumps is evident y 
capable of assuming such orientation and thereby serving as an oriented guiding’ 
substratum for the outgrowing nerve fibers. In this respect it seems not to differ 
significantly from fibrin clots, which were used in the earlier experiments on 


KnrvA Croonian Lecture on the Origin and Development of jlie 

118:1% 196 ?935 Experimental Embryology, Proc. Roy. Soc., Londo 
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nerve fil)er oricntnlion aiul more rocciuly hy Yoiiii^ with "ood success for the union 
of severed nerve stumps. However, the tendency of the fibrin clot to become con- 
verted into dense connective tissue, with all the disadvantages such fibrosis entails 
for nerve growth, is absent in the exudate of nervous origin. Comparative studies 
are under way to determine whether the difTercnce between a fibrin filling and a 
neural exudate in the lumen of the arterial siilice is sufficiently pronounced to 
have practical significance. 

I have said the matrix inside the sleeve is capable of becoming oriented, that is. 
it is presumably composed of rod-shaped polar ultramicrons. To orient these, an 
orienting factor is required. This factor is provided by the longitudinal tension to 
■which the nerve is subjected. The cfTcct of such tension on a potentially fiber- 
tomiing matrix has been described earlier.'^ It forces the ultramicroscopic fibrillar 
units into parallel alinenient. This has two consequences : First, it compels cells 
of the spindle type, i. e., fibrocytes as well as sheath cells, to e.xtend in a similar 
direction, and, secondly, it orients the growth of the nerve tips accordingly. In 
regeneration this has the effect of presenting the nerve fibers with a system of guide 
vails along which the outgrowing sprouts can continue in a direct straight course, 
passing on without obstruction into the open tubes of the peripheral stump. At the 
same time this longitudinal organization prevents the formation of oblique or trans- 
verse patterns which would deflect the nerve fibers from their straight course and. 
m addition, cause profuse branching. 

Nageotte ^ has asserted that growth of sheath cells from the peripheral stump 
centrad precedes the outgrowth of the nerve fibers. I have made no study of the 
early stages of regeneration in my experiments to test this point. If it should prove 
correct, the orientation of the gap region would have its primary effect on the 
hyperplastic sheath cells in that it would force them into straight line connections 
between the pro.ximal and distal stumps, which then, in turn, would serve as invasion 
routes for the outgrowing nen-e sprouts. It is likely that the orientation of the 
matrix straightens nerve growth both indirectly, by way of the sheath cells, and 
directly, by orienting ner\-e fibers advancing freely. At any rate, the unconfused 
and strictly oriented pattern of the regenerating fibers must be ascribed in last 
analysis to the tension in longitudinal direction which the nen-e exerts on the matrix 
that seals its two ends. 

It ma)' be pointed out that most suture methods in which the two stumps are 
minted by rigid threads fail to accord the area of regeneration the benefit of this 
longitudinal strain. Longitudinal stresses arising in nen-es held together by silk 
sutures are taken up bj- the rigidity' of the suture material or at best by the rather 
unelastic epineurium. This leaves the interior between the ends of the suture slack, 
mnd the region which needs longitudinal strain most for a good orientation of ner\-e 
growth has the least of it. The plasma suture of Young and his co-workers is the 
only other method in which the gap region is accorded the full advantage of longi- 
tudinal stress in the ners-e. However, since such tension, while highly desirable for 
regeneration, is undesirable during the early stages of suture in that it may rupture 
the fresh union, the fibrin method has its well recognized limitations. The arterial 
splice, on the other hand, in providing a firm seal between the arterial segment and 
the two nerve stumps, yet being elastic enough to withstand considerable extension, 
reduces the danger of rupture while allowing full play to the orienting action of 
longitudinal strain. 

19 Weiss, P. : Functional Adaptation and tlie Role of Ground Substances in Development 
-Xaturalist 67:322-340, 1933; footnote 15 b. 
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It must be kept in mind lhal the favorable results llius far obtained with this 
method have been proved valid only within the limits withiji which they have been 
tested, namel}', for the nerves of the rat, which are comparatively small. How 
the method will w'ork out with larger nerves and in higher mammals, including man, 
is a question that cannot be answered until the results of an extensive series of 
experiments being carried out at the pre.‘>cnt time have become known. But it is 
obvious that even if the method should fail on large nerves, it is still uniquely suited 
for the mending of small nerves which defy ordinary suture methods on account of 
their small caliber. 

For reasons already mentioned the method is not indicated for reunion of 
severed nerves in cases in which either loss of substance or considerable retraction 
of the stumps has created a sizable gap. To repeat, the arterial sleeve does not 
serve as a conduit for nerve libers over appreciable distances, although it does help 
to bridge small gaps, of a few millimeters, or, in terms of the size of the nerve, a 
length not exceeding the diameter. In the case of larger gaps, nerve grafts will 
have to be used as heretofore. Again, however, the union between the graft and 
tlw two nerve stumps is to be effected with the aid of arterial splices, one such 
splice uniting the proximal end of the graft to the proximal stump and the other 
the peripheral stump to the distal end of the graft. The longitudinal stress on the 
nerve tends to prevent the formation of a glial scar, fibrous ingrowth and constriction 
at the distal suture line, so that by' the time the regenerating nerv'C fibers have 
teached this level they should find a smooth and w'ell organized pathway for 
transit into the peripheral stump, instead of the impassable fibrous bulkhead often 
encountered at the distal suture line. Experiments to demonstrate this point are 
under way. 

A point of great practical significance is the choice of the artery. The importance 
of correct caliber has been previously discussed. Another feature to be considered is 
the amount of musculature in the arterial wall. What is really needed for a suc- 
cessful splice is merely the tough and impenetrable layers of elastic tissue. It is 
to these that the artery owes the properties that make it so suitable for the purpose. 
The muscular tissue, if anything, is harmful. While no detailed study has yet been 
made of this point, it seems that the circular musculature of the artery may receive 
reinnervation from autonomic fibers in the region of the wound and resume con- 
toactions. Even without such innervation a' spasm of the muscular wall could 
develop which would strangle the nerve in the arterial lumen. As a matter of fact, 
the constrictions described as causes of failure were probably in part due to a 
^con. ary reduction of the arterial lumen by the contraction of the muscular coat. 
Fending a more systematic investigation of the subject, it may be said, therefore, 
that an artery will be the better suited for the purpose of splicing nerves the smaller 
the amount of muscular tissue in proportion to the volume of elastic tissue present, 
ems do not seem to be the equal of arteries as splicing agents. Their wall 
easily becomes porous and pervious, with all the detrimental consequences to nerve 
regraeration discussed for accidentally perforated arteries. 

xperimento exploring the possibility of using arteries stored in various ways are 
under way'. The use of arteries fixed by ordinary histologic means, as with 
alcohol or solution of formaldehyde, is contraindicated. Such preserved arteries 
have.been used repeatedly in the past for the purpose of “tubulating” nerve regen- 
era ion, ut the loss of elasticity caused by the treatment makes such tubular frag- 
ments wholly unsuitable for the purpose of splicing. Means by which arteries can 
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be stored under sterile conditions for long times without losing either their clastic 
properties or their laminated texture, both of which arc prercrpiisitcs for successful 
splicing, will he reported on a later occasion. 


SUMMARY 

A method is reported by which severed nerve stumps can be united without the 
use of sutures. It consists in scaling the nerve ends into a common tightly fitting 
sleeve of live arterv. Histologic evidence is presented, based on e.xpcriments on 
rats, showing that when this method is used ( 1 ) a finti tic Ixitwccn the stumps is 
obtained which has adeejuate tensile strength and offers most favorable conditions to 
ner\-e fiber regeneration; (2) nerve fibers regenerate in straight parallel courses; 
(3) regenerating fibers do not branch, nor do they stray about, intermingle, escape 
from the nerve or form local neuromas; (4) regenerating fibers essentially retain 
their mutual topographic relations: (5) ingrowth into the nerve of fibrous con- 
nective tissue and strangling of nerc’c fibers by fibrosis are prevented ; (6) no 
fibrous scars form at the suture lines, and (7) even the smallest nerc'cs can be 
mended. 



ROLE OF TOXIN AND USE OI- ANTITOXIN IN 
SYSTEMIC STAPHYLOCOCCIC INFECTIONS 


BARNARD KLLIGRR. M.D. 
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Since it, is now recognized lhal some strains of staphylococci produce a potent 
exotoxin, it is important to correlate experimental studies of staphylococcus toxin 
with clinical observations on systemic slajrhylococcic infections which have been 
previously reported. The exotoxin is ca])able of jrroducing several well defined 
effects on different tissue cells, but it has never been adccjuatcly demonstrated 
whether these effects are due to several different tissuc-sjrecilic toxins or whether 
a single toxin affects each tissue differently. Nevertheless, the outstanding results 
of the action of staphylococcus exotoxin are : hemolysis of red blood cells 
(hemolysin), destruction of leukocytes (leukocidin), necrosis of skin and sub- 
cutaneous tissues on direct injection (dcrmonecrotoxin), rapid death of laboratory 
animals on intravenous injection (Ictlial factor), necrosis of certain other tissues, 
such as the renal glomeruli and the mucous membranes of the gastrointestinal tract, 
and initation of the S3'novial membrane on injection into joints.' 

Effect oj Toxin in Vivo on Laboratory Animals , — Following the intravenous 
injection of a lethal dose of a potent staphjdococcus toxin, free from staphjdococci, 
into laboratorj' animals, a characteristic chain of events has been repeatedly 
obseived.'“ Within a few minutes after the injection the animal becomes weak 
or the hindlegs are pai;alyzed; the respirations become shallow and irregular, and 
the animal weakens to such an extent that it can no longer stand erect and rolls 
onto its side. Before death the animal has violent convulsions and the legs execute 
strenuous running movements. At death the animal goes into opisthotonos, and 
ter mirrally expels urine or feces or both. Accompanying these symptoms in rabbits 
Joyner and his associates - have observed a marked iircrease of young myeloid cells 
in. the bone marrow and proportionately in the circulating blood. 

ihese symptoirratic effects are associated with a severe cardiovascular respons(x 
Electrocardiographic changes indicating myocardial damage have been observe 
m aboiatory animals by Nelis, Bouckaert and Picard “ and by Dingle, Ho , 
ahunr and Carey .■* We have been able to confirm these changes in rabbits, and 
accoinpanymg them we have seen a characteristic pattern of variations in the pulse 
rate.-* Immediately after the intravenous injection of toxin the pulse rate under- 
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goes a iransieiit depression : tin’s is soon followed hy an increase in rate to al)ont 
50 to 100 heats per minute above tlie normal. As tlic summit of the increase 
is reached tlie pulse rate drops sharply, and with this the electrocardiographic 
changes previously mentioned appear. 

To.viu Production in J'ho in Laboratory Animals. — 'I'oxigcnic staphylococci 
will produce exoto.xin in vivo in laboratory animals, and the disease caused by the 
intravenous injection of these organisms in rabbits is different from the disease 
produced by nonto.xigenic staphylococci similarly itijected.'' .'\hout twenty hours 
after the injection of a saline suspension of a culture of a toxigenic strain of 
staphylococci that had been thoroughly washed to remove any traces of free to.xin 
there began the same characteristic chain of events that had been observed, in more 
rapid sequence, in animals which had received injections of toxin alone. The 
animals died within twenty-four hours in convulsions and in opisthotonos. The 
changes in the electrocardiogram and in the pulse rate were the same as those follow- 
ing the injection of to.xin. 

The reaction of rabbits to the intravenous injection of a saline susjjension 
of a washed culture of nontoxigenic staphylococci was different from the reaction 
ot animals which received toxigenic staphylococci. These rabbits also died within 
twent}--four hours. However, after about twelve hours they became lethargic, and 
then became progressively weaker until at some time between twelve and twenty- 
tour hours they died quietly. At no time did they have violent convulsions, nor 
did they go into tenninal opisthotonos. There were no electrocardiographic changes, 
nor was there any characteristic pattern of variation in the pulse rate. 

Variations in immunit}- alter the response of an animal to infection by to.xigenic 
staphjdococci. In 1 animal so infected none of the characteristic symptoms of 
toxicit}- occurred; numerous abscesses developed, the rabbit's condition gradually 
deteriorated and after several days it died. None of the characteristic changes 
in the electrocardiogram or in the pulse rate developed. This picture was duplicated 
ii.v administering adequate amounts of staphylococcus antito.xin to rabbits infected 
with toxigenic staphylococci. 

Pffect of Toxin in Human Beings . — The clinical importance of staphylococcus 
toxin first attracted wide attention after the disaster at Bundaberg, Australia, in 
1928.° Twenty-one children were given a prophylactic dose of diphtheria toxin- 
mititoxin, and within thirty-six hours 12 of the 21 succumbed to a fulminating 
tystemic disease characterized by diarrhea and rectal incontinence, a high fever 
tind a rapid pulse rate out of proportion even to the elevated temperature. The 
patients rapidly Avent into coma, soon became completely irrational and died in 
delirium. In the children Avho suiwived abscesses deA'eloped later at the site of 
injection. From the abscesses was cultured the same strongly toxigenic hemolytic 
tapbyiococcus aureus that Avas cultured from the single bottle of toxin-antitoxin 
" ^’^1} had been used for all the children. 

Since such close resemblance exists betAA'een the symptoms of animals d3'ing 
° _ the effects of staphylococcus toxin and the symptoms of the children Avho died 
in the Bundaberg disaster, it appears that in persons Avho are susceptible to the 
toxin^ infection b}- toxigenic stapliA’lococci causes a chain of SA’mptoms AA'hich are 
P ^uliar to the toxin. This has been demonstrated in a preA-iousty reported study.’ 

P ■ ttyHaway, C. H. ; JiracCalluni. P.. and Tebbutt. A. H. : Report of the Royal Commission 
in*® di'i Fatalities at Biindabers:. M. T. .Australia 2:2 (Tulv 7); 38 (Julv- 14) 
""7 Letters (.\ustralia). J. A. M. .A. 91:262 (July 28) 192S'. 

ia Cac Blair. J. E. : Correlation Between Clinical and Experimental Findin.qs 

(Dec\^*lQj " IjiA-asion of the Blood Stream by Staphylococci, Surg., Gynec. & ObsL 71:770 
Bull Tj B. : Granulocvtopenia Following .^cute Staphylococcal Osteomyelitis. 

■ «osp. Joint Dis. 2:180 (Oct.) 1941. 
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ARC! urns on su Runny 


li s atcll a ^ 1' '* f™'" clinical cl.arac.cr- 

coccus lo4T , r- 7 ,“"’' of 'lii^casc due to tl,e stapl.vlo- 

slaiZlioccic loSn i- , t ?“'l''?''>cocc!c infection. The onset of irne 

are systemic rather than ;oc''r'''Tlie",',r ,'*r 

diarrhea, incontinence of tecK or nrine ’"'c ahdominal pain. 

These svmntoms nro -tr, f i ■ ' t ^ coma and delirium. 

of the toxin on he patient" Tl" "‘T’' '’''"'"''"ced I, as l,cen the cflect 

.>ot wept a ;s:;e- 

fore we 'n patients over 30 years of age, and therc- 

efifects of the tnvin Ti ■' pcisons are more resistant to the svstemic 

aS atfe theTJlto^" '’-dops ntore' slo.lv 

these Lfadded ‘■’"“"S f™" H'c local infections lesion. To 

with long-standino illnc»*^The°T "'t' ‘''^'“'■bed metabolic proce.sscs associated 
of this the pulse rate avili nM ex^Tlrf T' 

however circulatnrv ^-0 floats per minute early in the disease; 

rise above 140 beats per occur later, and then the pulse rate will 

depends on the health of the inrU P’‘°g"osis m this group of patients usually 
local or metastatic tectn, individual prior to his infection and on the site of 

illness so weakens the patient S predisposing or intercurrent 

infection, or when the Lection "nable to withstand the onslaught of the 

be satisfactorily drained surgicallj^ 

certain staohvLL^ Alniitoxiu . — Since toxin plays an important role in 

value.® ALtoxin cannLhe””^’ P specific antitoxin should be of therapeutic 

infection, particularly those indiscriminately for all types of staphylococcic 

therapy its ii<;p miio7 ^re chronic or refractory to other forms of 

effects of toxin are be confined to those acute conditions in which the 

dSree of Sv a, appamit.- The dosage should be adjusted to the 

2,000 units of antim patient, somewhere between 1,000 and 

0 be n"" 2,200 and 4,400 units per kilogram) 

succeSuTSy to "f, mfr" " .ben reduced e,d. 

should not be^ necessarv i necessary to control the patient's symptoms. It 

y o continue the administration of antitoxin beyond the 

Clinical Report on the ■'^'^ute Osteomyelitis with Staphylococcemia. 

1939. (b) Baker, L Ac n Treatment, J. A. M. A. 113:2119 (Dec 9) 

31:619 (June) 1941 (c) Tovnp 2^®i^°*nyelitis with Staphylococcus Septicemia, South. 

The Use of Staphylococcus A nfifp-' Smith, D. T.: Acute Staphylococcus Osteomyelitis: 

Surg., Gynec. & Obst. 63- 1 ('r„t Management of Toxemia and Staphylococcemia, 

9. Dolman, C. E.; Stanhvlnpnp^^^^’A Joyner.^" (<?) Joyner, Rigdon and Hare.-" 
lococcal Infections and Toxaemias Serum in the Treatment of Acute Staphy- 

(Aug.) 1934. •‘oxaemias, Canad. M. A. J. 30:601 (June) 1934; 31:1 (July); ^30 
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fourteenth clay of the jiatient's illness, by which time the blood should contain a 
sufficiently high antitoxin titer.” 

As with any tvpe of serum therapy, tlie potential dangers of scrum reactions 
always exist.’- These reactions may he immediate or delayed. The most common 
and the least serious immediate reaction is thermal. Shortly after the injection 
of serum the patient feels chilly or undergoes a definite sliaking chill ; this is 
followed by a sharp rise in temperature, and may he accompanied by an increased 
pulse and respirator}- rate and a varying degree of circulatory and respiratory 
collapse. The other immediate reactions arc less frequent, but more serious. True 
anaphylaxis is always alarming and is often fatal. The symptoms are usually those 
accompanying rapid paralysis of the respiratory and circulatory centers. .-Xnother 
serious immediate reaction is the occasional occurrence of peripheral circulatory 
failure following the injection of serum. This usually occurs in persons with 
previously existing cardiovascular disease. The delayed serum reaction is the 
common serum sickness which appears seven to ten days after injection, and is 
characterized by urticaria, arthralgia and malaise. This form is readily controlled 
and requires little discussion. 

Tor the administration of staphylococcic antitoxin we have adopted the following 
routine, which has been eminently successful. We first inject 0.1 cc. of undiluted 
antitoxin intracutaneously into the flexor surface of the forearm. Fifteen minutes 
later, if no reaction has occurred in the form of a wheal or formation of pseudopods 
surrounding the site of the injection, 2 or 3 cc. is injected intramuscularly into the 
buttock. Two hours later an intravenous infusion of 5 per cent de.xtrose in physio- 
logic solution of sodium chloride is started. To the infusion fluid is added suf- 
ficient antitoxin to make a dilution of about 1 ;15. The serum is dispensed in vials 
each containing 20,000 units of antitoxin. It has been our practice to compute the 
total dose required for each day. and then to give 20,000 units at regular intervals 
until the required amount for that day has been administered. If the patient reacts 
positively to the cutaneous test, he is desensitized by the intramuscular injection, at 
mten-als of one-half hour, of 2 cc., 3 cc., 5 cc. and 10 cc. of antitoxin. Desensitiza- 
tion is followed by the administration of antitoxin by the intravenous method just 
described, which is started about one to two hours after the last desensitizing dose. 
When serum preparations are being administered, epinephrine or ephedrine should 
always be available for immediate use. 

Staph3dococcus antitoxin when used in patients whose sr-mptoms were actually 
due to toxin has brought about a most gratifjnng clinical improvement. Within 
twelve hours from the onset of therapj- children whose s 3 -mptoms had been 
ulmmating became quiet and rational. Diarrhea and fecal and urinary" incontinence 

11. (a) Stookej-, P. F. ; Scarpellino, L. A., and Weaver, J. B. : Immunologj- of Osteo- 
Surg. 32:494 (March) 1936. (6) Weiss, C.: A Study of Natural and 
f Immuniw to Staphylococcal Toxin in Monkeys, J. Immunol. 37:185 (SepL) 1939; 

icj Availabilitj’ of Staphvlococcal .'\ntitoxin After Intramuscular Injection into Normal 
sta°nir?’i (March) 1940; (d) Serum Anti- 

Patu Titers During Antitoxic Therapy of Staphylococcal Infections, Am. J. Clin. 

ti. 11:329 (April) 1941. (c) Stookey and" Scarpellino.^°“ 

Evnf '• Besredka, A., and Gloyne, S. R. : Anaphylaxis and Anti-Anaphylaxis, and Their 
Foundations, St. Louis, C. V. Mosby Company, 1919. (6) Mackenzie, G. M.: 

dclniv Serum Accidents, in Cedi. R. L.: A Textbook of Medicine, ed. 3, Phila- 

Saunders Company, 1934. (c) Rutstein, D. D. ; Reed. E. A.; Langmuir, 

of Rte^r Rogers, E. S.; Immediate Serum Reactions in Man; Classification and Analysis 
eactions to Intravenous Administration of Antipneumococcus Horse Serum in Cages' of 
ncumonia, .\rch. Int. Med. 6S:25 (July) 1941. 
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ARciitriis a I- sch’(;nh’y 

Ihe i\hitc blood cell count later rose to 15.000 to 20.000, and the number of 

or'oiX'"!? r"* I'ns cflcn n„ ,hc sla|,hyI„cocc„. 

bodies in y T r”' iieutrali/alion of if)xiu doubtless aids nonspecific anti- 

bodies in combatinj^ and locahzin.tt the infection."’ 

vniinn'^ ‘OUitoxin thoiapy have in a manner confirmed our previous obser- 

oirim-e M s^tiphyiococcic toxemia is associated with a characteristic clinical 

toxemia 'mi exhihitin.ij the characteristics of a true 

Com^ I tidminislration of staphvlococcic antitoxin. 

tox m f r ^ 'lit’ •‘=5-'v ^-vitlcnce of 

toxemia did not respond to antitoxin in this maimer. 

Sinre ‘thP'oach has been followed only since December 1939. 

svmntoms t’cated, without a single death. 4 children with definite toxic 

Three othpv”^ ’nild to moderate toxicity and bacteremia, 

obvious tnvi weic similarly treated also survived”; 1 of these had 

their blond ^ bacteremia, and 2 had modcratelv toxic svmptoms, but 

because n? r T' '""f ^ n^ntioued separatelv 

correlation between^fi T"'- obtained from 9 of the patients confirmed the 

symptoms whirl T of tf'o organism and the character of the clinical 

S what w r^"', Patients were treated 

antitoxin AddV adequate amounts of a commercial staphylococcus 

was eivei'i as indi* the form of transfusions, fluids and sedation 

and sulfadia ‘ ^ ' Sulfonamide compounds in the form of thiazole derivatives 

value luun?r of tl’O cases, but their 

the adminisfr estimated. In no instance did a prompt remission follow 

treated 'tl ^ sulfonamide compound, and the course of the patients 

avhose cases ^ compounds did not differ from that of the patients in 

quite certain th ''TP On the basis of the clinical response we feel 

phase r>f sf 1 ^ o^^niide compounds have no clinical effect on the toxic 

phase of staphylococcic infections. 

response the effectiveness of antitoxin by describing the 
amounts of the ^ !'+ 'P' definitely toxic symptoms who received adequate 

an I oxm without the concurrent use of sulfonamide compounds. 

Case 1 Report of cases 

Clinicar SociPt\T oPPiT'P reported on by Dr. Carroll M. Silver before the 

hematogenous osteonivpi;t;= admitted on the third day of illness with actite 

temperature was 105 K ^ t,- upper end of the tibia and staphylococcic bacteremia. U’-' 
irrational and incontinenr"nf r* ’"‘"ute ; he was comatose, completel.v 

described rvith un c,. ^a^itoxin was administered according to the techmc 

of antitoxin and hv th. the boy received 120,000 units 

fluids. By the next 'mo mentally clear and alert and able to take 

from then on recoverv pulse rate was 120 and the temperature was 100 F., am 

Chart 1 shows the nuk ""^'’entful. He was given 340,000 units of antitoxin in five days. 

pulse and temperature records for the first fourteen days of hospitalization. 

Staphylococcus^Amfm\in°TLldii^lM Laborat 9 ries, Inc., made available a generous supply of 
14. Silver r At • Q for this work. 

ment. paper read at tlie mplc ^ Bacteremia with Osteomyelitis ; Problems and 

paper read at the mectmg of the Clinical Society, Hospital for Joint Diseases, Oct. 7, 1941. 
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Fig- 1. — Pulse and temperature record in case 1. Antitoxin was administered over the 
period indicated bv the solid line at the bottom of the chart. Blood transfusions are indicated 
by T. 
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Cask 2. — A Rirl of 9 years was admiUerl to the Ivispitai after rnic t!ay of illness witli 
acute osleoiuyclitis of the upper end of the tibia and stapliylococcic bactcrcniia. On her 
admission the temi>crature was 105.6 F., the jnilse rate was 12K and .she ajtpcarcd to he only 
moderately toxic. By the next morninp her temperature iiad ri.-cn to 10S.6 h". and the pulse 
rate to 156, and she was completely irrational and nnresitonsivc. Twenty thon.sand units ot 
antitoxin was given by the recommended technic with no scrum rcactioti. However, it was 
felt by the attending physicians that the sertim should be nrlministercd more rapidly, and a 
second dose of 20,000 units was given undiluted by vein. This was follnwc<l by a severe thermal 
reaction, consisting of chills, convtdsions and a r.nc minute period of total apnea. Her 
temperature then rose again to 108,6 F., and the pulse rate to 168 beats ikt minute. She 
recovered from the reaction, and two hours later we resumed intravenous scrum therapy by 
the proper technic. One hundred and forty thousaiul units was given on the first day, and 
within twelve hours her temperature was 101.2 F., the j)ulse rate was 118, and her symptoms 
were greatly improved. For two days she had fwriods of disorientation, but recovery proceeded. 
This child was given 480,000 units of antitoxin in six days. Chart 2 shows the pulse and 
temperature records for the first thirteen days of hospitalization. 


Such results are in sharp contrast to those obtained in a comparable group of 14 
patients under 30 year.s of age who were treated before December 1939. all of whom 
had toxic symptoms. Six were definitely toxic, and the organism cultured from the 
blood in each instance was a ver}’ potent toxin producer. These 6 patients all died 
within nine days of onset of the illness. Five others had mild to moderately toxic 
symptoms, but severe persistent infection was superimposed on these patients, 
who were already weakened by tbc toxin, and all 5 succumbed. Three children of 
the entire group survived. One had symptoms of moderate toxicity, and the 
offending staphylococcus produced a potent toxin. This patient received fair 
amounts of antitoxin and survived. The other 2 children had symptoms of mild 
toxicity, their infections were controlled and they survived. Many therapeutic 
modalities were employed for these 14 patients, the most frequent being bac- 
teriophage, the then known sulfonamide compounds, and staphylococcus antitoxin- 
There were instances in which a temporary response to antitoxin occurred, but, m 
the light of our present knowledge, the serum was improperly given and m 
inadequate dosage, and we do not believe that death in these instances can properl} 
be attributed to failure of the antitoxin. The other medications shotved no promise 
at all. 


SUMMARY 

Certain strains of staphylococci will produce a potent exotoxin under special 
vitro conditions. 

This exotoxin when injected ■ intravenously into experimental animals causes 
a characteristic response ending in the death of the animal. . . 

Toxigenic staphylococci when injected intravenously into experimental anima^ 
are capable of producing exotoxin in vivo with the resultant characteristic respons^^ 

Systemic infection by toxigenic staphylococci in human beings w'ho are su_^ 
ceptible to the toxin is associated with clinical symptoms which are characteris 
and readily recognizable. , . 

This exotoxin can be neutralized in vivo by commercial staphylococcus 
which produces dramatic and life-saving results when properly administere - 
use of staphylococcus antitoxin in cer,tain cases exhibiting the characteristic 
of staphylococcic toxemia is recommended as a valuable adjunct in theii therap 
management. 

attending staff and the house staff of the Hospital y.>rnon. 

and Drs. Charles }yise and Henry M. Kaessler, of the Mount Vernon Hospital, Mount 
r>. Y., cooperated in the work reported in this article. 
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TRIGEMINAL NEURALGIA DUE TO 
RADICULAR LESIONS 


WALLACE n. HAMBY, M.D. 

JUTFAI.O 

The partial section of the trigeminal sensory root by the temporal approach, as 
perfected by Si)iller and Frazier from the Hartley-Krause operation for the relief 
of trigeminal neuralgia, has been acclaimed the most perfect operation known to 
surgery. A certain degree of morbidity indicates that this perfection is only relative. 
In search of a better treatment for this di.sease. Dandy ^ in 1925 began cutting 
the sensory root near the pons by tbe subcerebellar approach. While this operation 
has improved some morbidity rates, it ha.s not eliminated them. Because the 
depth and location of the point of rhizotomy expose other nerve roots and impor- 
tant blood ve.ssels to operative trauma, the majority of neurosurgeons have not 
discarded Frazier's operation in its favor. 

One of the important by-products in the development of the suboccipital 
approach was the disclosure of a previously unrecognized frequency of gross etio- 
logic lesions. In the first 200 cases in which this operation was used. Dandy * 
found that in 10 cases (5 per cent) a tumor of the cerebellopontile angle was 
responsible for the condition. In another series,® of 250 cases, he found 18 tumors 
of the cerebellopontile angle. In 1939^ he stated that in 5 per cent of cases the 
pain is due to a tumor, in another 5 per cent of cases to an aneurj-sm of the basilar 
artery and “in nearly all others'’ to a vascular anomaly causing pressure on the 
sensory root. In 1941 ® he found “approximately 10 per cent” of cases of tri- 
geminal neuralgia caused by a tumor in the cerebellopontile angle. Hjaidman. 
'vho also employs the subcerebellar approach frequently, stated ° that he had not 
yet found a tumor responsible for the pain, but " that if there exists tire slightest 
doubt of the possibiliw of a tumor of the cerebellopontile angle, the cerebellar 
approach is the one of choice. He expressed the opinion that such a lesion should 
betray its presence by at least a diminution of the comeal reflex. 

THE LOCATION OF LESIONS PRODUCING TRIGEMIN.^L PAIN 

Authors have expressed various opinions as to the cause and site of origin of 
the pain of trigeminal neuralgia. It is the general consensus that an organic lesion 

From the University of Buffalo School of Medicine and the Buffalo General Hospital. 

Read before the American Academy of Neurological Surgerj-, Chicago, Oct. 17, 1942. 

1. Dandy, W. E. : Section of Sensorv Root of Trigeminal Xeiwe at the Pons, Bull. Johns 
ttopkins Hosp. 36:105-106 (Feb.) 1925. ’ 

— Dandy, W. E. : Lesions of the Cranial Nerves, in Lewis, D. : Practice of Surgen-, 
Waserstown, Md., W. F. Prior Co., Inc., 1932, vol. 12, chap. 1. 

oc I^andy, ^Y. E.: Treatment of Trigeminal Neuralgia by Cerebellar Route. Ann. Surg. 
SS:/p-79S (Oct.) 1932. 

Dandy, W. E. : Lesions of Cranial Nerves: Diagnosis and Treatment, J. Intemat. Coll, 
surgeons 2:5-13 (Jan.-April) 1939. 

5. Dandy, \V. E. ; Results of Removal of Acoustic Tmnors bv Unilateral Approach Arch 
^urg. 42:1026-1033 (June) 1941. 

Hjmdman, O. R. : Personal communication to the author. 

Q^'" ^yndinan, O. R. : Tic Douloureux: Partial Section of Root of Fifth Cranial Ner%-e: 

Subtemporal and Cerebellar Approaches from Surgical and Phvsiologic Stand- 

Arch. Surg. 37:74-99 (July) 193S. 

555 



.ih'Cim'/is Oh si:h‘(;/ih'y 


of tlie U if^ciuiual patluvays iirnduccs i)ain associalcal with .sctisnrv chaiif'c.'' and 
nol easily niislaken for major triffeminal neuralj^ia. 'I’lie literature affords ample 
evidence that this is not always true and that a lesion affeclinf' the tritjetniiial 
system in one of several i)laces may prodnee ])ain indistinftnishahle from tliat of 
lie donlonrenx. 

/ (it/’ltnal Ih'iinch of A^crvi' or (tossrritnt Goiu/liou . — Dandy ' stated that while 
])ie.ssine on the sensory root may ])ro<hiee tritteminal netiraiji,da. ])res.snre on a 
peiipheial hianch of the nerve or the {gasserian jtan^tlion can never })roducc 
paioxysnitd jjain. 1 his ty])c of pain ahvi'iys means jiressure on the root hetween 
tie g.mglion and the hrain stem, hrazicr" reportetl a c.ase of a meninjrioina 
myolvmg the dura over the ganglion, producing “jumpy” jiain “like tic’’ hut witli 
a background of steady pain and with mimliness of the lip. Cushing” said that 
w n c <i tumoi of the middle fossa compressing the gasserian ganglion may cause 
iigeintna imui, it usually is not like tic, being more continuous and accompanied 
ly scnsoiy loss. J cet reported 2 cases of tumor of the antrum invading the 
maxi aiy neive and ganglion, not allecling the .sensory root, 'fhe patients had 

I)!iekground of pain, burning and numbness of the face. 

^ IX Cl ant wind ’ icported a case of malignant neurogenic ( ?) tumor progressini; 
a ong 1 1C maxillaiy nerve into the ganglion, also producing “lancinating pain" and 
sensoty oss. On the other hand, Idy.sloji rejiorted a case of osteoma of the 
™ ^ ^ n ^'oinpiessing the first and .second divisions of the trigeminal nerve 

ncai ^ icii 01 aniens of exit. 1 he patient had suffered tic for eighteen years and 
lati received the usual relief from injection of alcohol. 'I’he iiaiii was relieved f»y 
icnioya o tie osteoma, the sensory root not being severed. I-ove and Woltnian 
tiiiiior of the cavuin Mecklii jirodncing tic douloureux. One 
o epidermoid among the jiostcrior rootlets; the other, a meningioina 

a 1 1 C loot and ganglion. One patient was not cntirelv free of discomfort 
jciweeu paroxysms; otherwise the clinical picture in both cases was tyjiical of 
,.i neuialgia. Ihesc were the only unsuspected tumors disclosed by 

nzo omy oi tic douloureux. J ' * Iiavc recently seen a patient whose sole coni- 
fyp'cal tic in the distribution of the second division, caused liy an 
i ny.sin o t ic niteinal carotid artery within the cavernous sinus. The peripheral 

possibly the ganglion were coni])rcsscd by the lesion, 
^lasei - considered the ganglion the site of origin of tic pain. Tn general, wliilc 
vemeiit of the ganglion and a tieripheral branch of the nerve prodiicc.s 
I I <iiic scnsoiy loss that are .characteristic, the svndrome may not be complete 
and may p ass for trigeminal neuralgia. ' 

156:483-490*'^(bct Tumor Involvinjir tlic Gasserian Ganglion, Am. J. 

HxaimWs' witiy Vs, Neuralgias .and Their .Surgical Treatment Based on 

Neuralgias: Am. J. M.'se. (aS'S. 

cranial Carciuomn^ Ga.sserian Ganglion, with Rejiort of Two Cases of 

Arcll: Soi.\?P.i:clS. 3l"'j32^43wpy,"x'"j'o? Gasserian Ganglion: Report ot a Ca.^e. 

coinmmSSn To dw amhor.’’"’"' J’ 

Gangiioif'proc ’•'■'Kviiiinal Neuralgia and Tumor of the Gas^oli.ln 

14 Hambr\v B m‘’’ 17='IW-49r. (Sept. 9) 1942. , , , 

Arlor;. "Sc.O ' ” V 

Fossa - ^Perhleuri-il Fit * Arising from Scn.sorv Rrait of 'rrigcminal Nerve in Po.sttnor 
>SHa. lermeun.d F.l.rot.lasloma, Ann. Snrg. 101:i46-15.S (Jan.) 19.3.“;. 
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Sensory Rool . — In iiis in(tnograi)Ii “Tumors of the Xervus Acusticus." Cush- 
ing stated tlinV U^ese tumors produce ncuraigic pain relatively intrc(jvreutly a\rd 
that none of liis patients presented pain characteristic of tic donioureux. He men- 
tioned a ease of cholesteatoma reported hy Krause.'" a case of meningioma (?) 
reported hv Lexer '' and a ca>e of j-arcoma reported I>y Weisenhurg.'" in each of 
whicli tlie tumor had produced ticlike jiain. He emphasized the i)oint tliat paralytic 
rather than irritative trigeminal phenomena predominate rvith tumors of the cere- 
bellopontilc angle. Glaser.'"' in reporting a case of primary perincurial fihrohlas- 
tonia of the trigeminal sensorv root, found no ticlike jjain and attributed its ahsence 
to the fact that the gasserian ganglion v.as not involved. Dandy reported a case 
of tic due to a small acoustic neurinoma and said " that the tic so produced is 
clinically indistinguishahle from that not due to a tumor. Parker -' reported 2 
cases of tic due to an acoustic tumor. In 5 cases of tic with gross etiologic lesions. 
Raney and Ranev -- found adhesions of the sensory root in the temporal region 
(cases 1 and 4) and compression of the root in the cerehellopontile angle hy varices 
(case 2) and acoustic neurinomas (cases 3 and 5). In Weisenhurg’s case'® both 
trigeminal and glossopharyngeal neuralgia were produced hy a "sarcoma” of the 
cerehellopontile angle. 

Central Sensory Patlrzeays . — In a discussion of trigeminal neuralgia accompany- 
ing multiple sclerosis. Finesilver stated that he was unable to come to a conclu- 
sion as to the location of the lesion producing trigeminal pain. He mentioned 3 
cases in ^Yhich the pain was relieved by section of the root and injection of alcohol 
but could not explain the fact that it was relieved by maneuvers that were peripheral 
to its probable origin. Frazier, Lewy and Rowe concluded that trigeminal 
neuralgia, and eventually other forms of typical neuralgia, represent special forms 
of the thalamic syndrome. In 1 case of typical thalamic pain, they relieved the 
facial pain by injection of alcohol into the trigeminal ner\-e and the pain in the body 
by cordotomy. This suggested to them that thalamic pain can be relieved by abolish- 
ing afferent impulses to the tlialamus. In postmortem studies on patients who had 
bad trigeminal neuralgia, Lewy and Grant"' found degeneration of the internal 
and lateral thalamic nuclei bilaterally, with loss of white matter and widening of 
die ventricles. In 5 patients with unilateral lesions the softening was on the side 
of the pain. Lewy and Grant offered evidence that these lesions were caused by 
functional or organic vascular insufficiency. 


16- Cushing, H.: Tumors of the Rervus Acusticus. Philadelphia, W. B. Saunders Companv, 
191/, pp. 163. ■ 


17. Krause, F.; 
1906. 


Operationen in der hinteren Schadelgrubc, Arch. {. klin. Chir. 81:40-60, 


IS. Lexer, E.: Zur Operation des Ganglion Gasseri nach Erfahrungen an 15 Fallen, Arch 
U Khn. Chir. 65:843-928, 1902. 

19. tVeisenburg, T. H.: Cerebello-pontile Tumor Diagnosed for Six Years as Tic 
ouloureux: Symptoms of Irritation of the Ninth and Tenth Cranial Nerves, T. A. M A 

54:^1600-1604 (^fay 14) 1910. " ' ‘ ' 
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r KK so N A 1 . i: X r kr i i: n c i:s 

Probably as the result of traininj^, 1 prefer trj use the temporal api)roach to 
the root in uncomplicated cases of tic doubmreux. '1‘lie cerebellar approach lias 
been employed in only 9 cases in a scries of 109 oiierations for trigeminal neuralgia, 
although it ^Yas used in an additional 10 cases in which senne other sensory root 
was severed for relief of pain due to a malignant tumor. In 2 (jf the 9 cases, a 
“pearly tumor” (epidermoid) of the cerehcllo]>ontilc angle was found. The cere- 
bellar approach was chosen in 1 of the 9 cases because of minimal sym[)toms sug- 
gestive of such a tumor, in another because the pain followed (four and one-halt 
years) the previous removal of a meningioma of the cerchcllopontilc angle and 
in 2 others because a previous unsuccessful temporal operation on the sensory root 
or a peripheral hi'anch of the nerve had so distorted findings that the jiossihility 
of a tumor could not be excluded clinically. 

RltrORT OK CASICS 

Case 1. — Patient of 31 years xvitli typical third dh’isinn tic dniilourcux of six inontlts 
duration, zvith occasional "dixxincss” ; injection of alcohol into third diz-ision of trigcntinal 
nerve, followed by imperfect relief and by slight homolatcral facial paresis; subocapHai 
approach to sensory root, disclosure and removal of epidermoid of cerchcllopontilc angh , 
relief. 

Mrs. M. D., aged 31, was referred by Dr. \V. J. Tracy, of Hornell, N. Y., on Jan- 20. 
1936. In July 1935 she had e.xpcrienced her first attack of paroxysmal, instantaneous pa>n 
in^ the right side of the lower jaw radiating anterior to the car. Talking and laughni? 
initiated attacks, but no history of an external “trigger zone” was obtained. In November 
the attacks became more frequent and often followed one another closely. In December her 
teetly were extracted, but no relief resulted. She admitted occasional “dizziness,” althougn 
no history of vertigo was obtained. The neurologic examination revealed no abnormahtie?. 
Alcohol was injected into the third division of the trigeminal nerve, producing anesthesia 
and relief of pain. 

On Feb. 11, 1930, the patient was admitted to the Buffalo General Hospital. The parox 
ysmal attacks of pain had ceased, but the jaw still was "sore.” At that time there was a 
question of very slight weakness in the lower part of the face on the right side. Because o 
the history of slight dizziness and the questionable facial paresis, it was decided to approac 
the root posteriorly through the ccrebellopontile angle rather than through the temporal os.a 

On Feb. 12, 1936, this approach was made with the patient under anesthesia induced , 
avertin with amylene hydrate and in the sitting position (fig. 1). The seventh and j 
cranial nerves were found normal. Just anterior to them was seen the tip of a typi < 
pearly tumor” (epidermoid). Its very thin capsule was opened, and the flocculent con e 
was removed. The mass extended anterior to and beneath the fifth nerve, whicli was disp ac 
backward. Its size was estimated to be 12 by 24 mm., its long axis being in the sagi 
plane. At the completion of the procedure the fifth nerve was free in its course and so " 
not severed. The usual closure was made. 

A letter written on May 4, 1938 stated that the patient was free of symptoms. 

Case 2. Woman oj 41 years zvith typical second and third division tic 
/old' years; three injcctiojis of alcohol, each foUozvcd by relief for decreasing periods, 
section -of^ sensory root planned; on morning of operation, first attack of vertigo, tuini 
cmwi^ zvith nystagmns and diminished corneal reflex for first time; exploration of ccic 
pontile angle; removal of epidermoid ; partial section of sensory root; relief. 

Mrs. M. P.. aged 41, was referred to the Buffalo General Hospital by Dr. Robert Tuttk, 
ot Gowanda, N. Y., on Dec. 26, 1940. For four vears she bad suffered attacks of ‘ 
geminal neuralgia in the areas of distribution of the second and third ] Uion. 

fifth nerve. Two years before, alcohol had been injected by a dentist into the third m 
There was relief of pain for twentj'-onc months. A second injection gave relic 
months, and a third, no relief at all. , • al 

„ Yke neurologic examination gave entirely normal results e.xcept for reiealing 
trigger zones” in the upper and lower lips. The patient was sciieduled for temporal . 
rhizotomy on the following day. 
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On the niorninp of oi'cralion, she awakcnctl fcclinjr cliv:7.y, complained of tinnitus on the 
left side and vomited. IC-Namination revealed nystapmus on looking to cither side and dimi- 
nution of the left corneal rcflc.':. The remainder of the neurologic examination gave negative 
results. Because of this series of events, it was decided to explore the ccrchellnpontile angle 
and to do a partial rhizotomy if no k's-ion was found. 



Fig. 1 (case 1). — Small epidermoid ("pearly tumor”) under sensory root of trigeminal neiwe, 
producing tic douloureux. 



facial^ a — Epidermoid (“pearly tumor”) under sensory root of trigeminal nerve anri 

ana acoustic nerves, producing tic douloureux. 

intmv 27, with the patient under anestliesia induced witli pentothal sodium (given 

At the'l°^ 1 ^ sitting position, the left cerebellopontile angle was e.xplored (fig. 2). 

was ex jugular foramen, a typical “pearly tumor” (epidermoid) S mm. in diameter 

-■posed. This was removed, and as its anterior end was reached it was found to be 
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altachcd lo a nnicli larj;iM' mass in tlic ccrchclIniKiniilc atifilc. It was Inhiilatcfl, and most of 
it lay behind tlic seventh anti eighth nerves hnl a rather larfte mass extended anterior to the 
fifth nerve. After the soft contents had been evacuated, tlie eai>stdc was teased out as com- 
pletely as possible. The fifth, seventh and einfith nerves had l)een eloiiRated by traction. 
The lower half of the fifth nerve was cut Itt prevent recurrence of jiain. The usual closure 
was made. 

Postoperatively, analgesia was present in the domain of the second and third divisions of 
the fifth nerve and the mild paresis of the lower part of the face (lersisted. The iiatient was 
discharged on Jan. 8, 1941. 


Case 3 . — Wontatt of 60 years with sytulrotitc of luitinr oj riiilil cercUcllnf’mtilc angle; 
removal oj meiiiugioiiia o{ iiileriial acoustic vteatus; reliej, two years later, short ('crind of lie 
douloureux on lejt side, which subsided ; four and one-halj years later, onset of tie on right side; 
findings suggested reeurrenec of neofilasin ; exfiloration repealed only arachnoid adhesions 
involving trigeminal sensory root; partial section of root; relief. 

Mis, A. V., aged 60, was seen in consultation with Dr. C. \V. Streets, of Fort Erie, 
Ontario, Canada, on hcb. 14, 1935. She had snfTereil paroxysmal attacks of tinnitus on the 
right side for five years and had had gradual visual failure for one year. For one month she 
had noticed paroxysmal attacks of vertigo and verte.x headaches. For ten days slight pain and 
numbness had affected an area about the right eye and the lower right front teeth and 
paresthesias had involved the right arm and hand. 

Examination revealed opacity of both lenses and no jiajiilledema. The corneal refiexc.s 
were intact. No nystagmus was_ found, llypalgcsia was present around the lateral end of 
the right supraorbital ridge and at the right angle of the month. No facial paresis was seen. 
Hearing by both air and bone conduction was diminished in the right car. Caloric vestibular 
tests revealed a nonfunctioning right labyrinth. The extremities were not ataxic, but the 
patient fell forward on bending. Hyperesthesia was demonstrated on the dorsum of the right 
hand. A diagnosis of tumor of the right cercbcllopontile angle was made. 

The patient was admitted to the Buffalo General Hospital on Feb. 20. 1935. On the fol- 
owing day the right ccrcbellopontilc angle was explored. The nerves entering the juguh'tf 
oramen were normal. Growing from the internal aconstic meatus svas a firm, friable, reddish 
giay ovoid tumor, 15 by 20 mm., extending upward and anteriorly. The capsule was 
collapsed by curettage of the contents, one large afferent artery being coagulated and severed. 

le seventh and eighth cranial nerves then were seen pushed' forward by the mass and not 
grossly implicated in its growth. The tumor was adherent only to the d’ura at the posterior 
Ip of the inteinal auditory lucatus. The fifth nerve was scon farther forward and 
appear grossly involved. The capsule was excised cleanly, and its base was coagulated. T le 
usual closure was made. 

Pathologic examination revealed a tyjiical meningioma. The patient's convalescence was 
comp icatcd by an attack of cholelithiasis, from which she recovered. Except for deafness 
o t le right ear the symptoms and signs referable to cranial nerves all subsided prior to ler 
discharge, on March' 13. 


I f n 7 o June 26, 1940. A cholecystectomy bad been done three years 
”, '^'^1 suffered for four months with tvpical attacks of tic douloureux on the c 

side, winch had cleared completely. For the past eight months she had suffered typica 
a u c 's o tic on the right- side. She felt somewhat dizzy, and since she w'as almost >' 
from progression of tl)e cataracts, she could not walk well alone. Examination rcvealcil opacit 
of both lenses that precluded inspection of the optic disks. Otherwise the eyes were nor.^i- 
icrc was no paresis of facial motion or sensation. The right car was deaf, fb'-' '’8 
side of the body was weaker than the left, and both hands were ataxic. Tlic reflexes 
hyperactive but were ccpial on the two sides. A recurrence of the neoplasm was suspcct«‘; 

On June 30 the patient was readmitted to the Buffalo General Hospital, and on the foUnwii P 
day the right cerebellopontile angle was again explored, by reopening the old incision. 
se\cn 1 am eig ith nerves were diminished in size, but there was no evidence of m 

of the neopbasm. The sensory root of the fifth nerve was firmly en.sbrouded in arach^" 
adhesions. This root was isolated, and the posterior two thirds was severed. The usual clo.sur 
was made. 

After the operation she was free of pain. The right side of the face was .triS 

for the cornea and there was some weakness of the left arm and leg that persisted untd 
discharge, on July 11. 
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Case 4.-'' — If’i'nicin of -/.V viM'-.r. -oith syiv.irnw,' of n ii(ilil ncotislic itcuniioiim : sctrrc third 
dk-ision trigriro'iin! iwtuoli/ia ms rii7/i( .ttdV fkr Viors I'l-forr; four \rors luiorc, siiblolnl 
resection of sensor'c root, ~oith eoinAclr relief: operation folloiced lyy tinnitus on riaht side 
for eioht vionihs and progressive deafness of right car; (tc-ii years before reeurrenre of pain in 
distribution of second division oi right trigeminal nerve: peripheral neureetoiny and infection 
of ideohol inegeetua! ; removal of acoustic neitrinotna. 

Mrs. E. R. M., a.cctl 4S yc.irs. was admitted to the Cleveland Clinic on Dec. 17. lO.lo. Five 
years before, she had suftcred typical triiicmin.il ncuraleia in the ritrht side of the lower jaw. 
.\ year later a subtotal resection of the sensory root was done elsewhere. .Xfler the operation 
the patient noticed tinnitus and proercssivc deafness and pain in the ri.sht ear. Within eight 
months the deafness was complete and tinnitus ceased. Three years later, typical tic developed 
in the distribution of the second divisii n of the ri.cht fifth nerve. Peripheral operations and 
injections resulted in I'ainiul anesthesia. For two years she had staggered occn.-innally in 
walking. 

Examin.ation revealed horizontal nystagmus on lateral gaze. The optic disks showed 
borderline edema. The visual fields were normal. Both corneal rcfle.Ncs were absent. The 
skin of the face was anesthetic in the distribution of the third division of the right trigeminal 
nerve and was hypercsthclic painfully in the distribution of the second division. Taste was 
lost in the right half of the tongue. The jaw deviated to the ri.ght on opening. There 
was mild peripheral paresis of the right side of the face. The right car was deaf, and 
tl’.e labyrinth did not respond to caloric stimulation. The tendon reflexes were exaggerated, 
without Babinski’s sign. Romberg’s sign w-as present mildly, and no other ataxia was found. 
A diagnosis of trigeminal neuralgia secondary to an acoustic tumor on the right side was 
made. 

Intracapsular removal of an acoustic neurinoma was performed by Dr. Gardner on Dec. IS. 
The portion of the capsule that seemed to carry the seventh nerve was preserved. The fifth 
nerve could not be found and was believed to have been destroyed with the capsule. The patient 
recovered, and some sensation returned to the right side of the face. 


COM. ME N’T 


111 case 1 the findings suggestive of a tumor of the cerebellopontile angle were 
meager. The patient was 31 years old, younger than the average person suffering 
from trigeminal neuralgia, though Dandy ' has reported the disease in a child 
ot 15 and Klemme in a bov of 10 years. Mild homolateral tinnitus and a mild 
mcial weakness (rvhich was apparent only after an injection of alcohol three 
"eeks before) were the onl}- other suggestive phenomena. In case 2 no suspicion 
ot a neoplasm was entertained until on the morning of operation the patient com- 
plained of I'ertigo and displayed nv'staginus and corneal hypesthesia for the first 
time since she had been under observation. Interestingly, both of these patients 
had obtained the usual amount of relief following injection of alcohol into the 
peripheral nerv'es. This phenomenon also was recorded by Abbott and Alerkel,-- 
ockmg afferent stimuli at times may relieve pain due to a lesion of tlie sensorv' 
root as well as that due to a central lesion, as suggested by Frazier.® Relief is not 
^ " ays obtained in this way. \\'eisenburg’s patient did not obtain relief after 
section of the sensor}- root; the pain may have been attributable to the glosso- 
P arvngeal involvement. In case 4 pain was relieved in the area dener\-ated bv 

-ection of the root but persisted in spite of peripheral operations in later affected 
areas. 


Clevei of this case was made possible by Dr. W. James Gardner, of the 

B • Cleveland, Ohio. Brief reference has been made to it preriously (Hamby, \V. 

Neurinomas in the Stage of Normal Intracranial Pressure, New York State I. 
35: 1140-1 147 [Nov. 15] 1935. 

Accurate Subtotal Resection cf Sensory Root for Relict of Major 
^eniinal Aeuralgia, South. M. J. 28:1086-1091 (Dec.) 1935. 

1 Merkel, B. M. : Acoustic Neuroma Producing Tic Douloureux, 

""a .M. Soc. 30:465-468 (Oct.) 1940. 
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A review was made of llie records of 96 palieiils whose trigeminal neuralgia 
had been cured liy temporal section of the sensory root in 100 operations. Find- 
ings suggestive of paralytic involvement of the trigeminal nerve or of involvement 
of neighboring nerve roots or of the cerebellum were absent. In 3 patients 
residual signs were found of a previous clinically diagnosed cerebral vascular acci- 
dent, and in 1 evidence of combined sclerosis was noted. 

A review was made of the records of 22 other patients in whom a tumor of 
the cerebellopontile angle or of the anterior portion of the cerebellar hemisphere was 
verified at operation. None of these patients had sufTered pain suggestive of 
trigeminal neuralgia, although 9 of them had sufficient involvement of the sensor}' 
root to produce diminution of sensation in the face and 14 of them had diminished 
corneal reflexes. Minimal compression of tlic root in case 1 was followed by tic 
douloui'eux, while in other cases extensive stretching and displacement of the 
root by a huge tumor did not result in pain. Minimal involvement of the root 
probably is in itself not the cause of the pain. In case 3 a small meningioma 
which just touched the root did not produce pain, although typical tic developed 
four and one-half )'ears later. At this time the sensory root was surrounded by 
arachnoid adhesions. In another patient with a small recurrence of a meningioma 
of the cerebellopontile angle around the sensory root, tic douloureux did not 
develop. Although the neoplasm responsible for the neuralgia in 2 instances here 
was an epidermoid, another huge epidermoid in my series did not produce the 
pain even though it distorted the sensor}' root severely. 

CONCLUSIONS 

Cases reported in the literature reveal that while a tumor compressing a 
peripheral branch or the ganglion of the trigeminal nerve may produce “ticlike 
pain, this usually is secondary in importance to the steady background pain and the 
sensory loss that accompany it. Compression of the sensory root of the nerve 
by a tumor of the cerebellopontile angle may produce pain and sensory loss indis- 
tinguishable from symptoms caused by a tumor of tbe middle fossa, but involve- 
ment of the neighboring nerve roots usually permits differentiation. 

A lesion affecting the trigeminal patliAvays in the temporal fossa or in the cere- 
bcllopontile angle may produce pain indistinguishable from that of major trigeminal 
neuralgia. Such lesions are more numerous in the posterior than in the middle 
fossa. In my small series, minimal signs of involvement of the adjacent nerves 
allowed the differentiation of location to be made, but in the second case this did 
not occur until the morning of operation. Obviousl}', if these telltale signs ha 
occurred a few days later, the lesion would have been missed and the symptoms 
attributed to postoperative sequelae. Experience has shown that section^ of the 
sensory root by either approach will relieve trigeminal pain, whether it originates 
peripheral or central to the gasserian ganglion. Although review of the series o 
cases in which temporal trigeminal rhizotomy was performed showed that signs 
referable to the posterior fossa were not present at the time of study, 
neoplasms of the cerebellopontile angle may go undisclosed to the grave with elderiy 
patients, who presumably die of extraneous causes within a few years of 
tion. Dandy s large series proves that the association of these lesions is moi 
than coincidental. 

Although my limited experience bears out Dandy’s greater one that section of 
the sensory root of the trigeminal nen'e by suboccipital approach is safe an 
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followed by little mnrbidity wben done by modern neurologic surgeons, it is my 
impression that the temporal approach is preferable for the elderly, perhaps “poor 
risk’’ patient. To the group of persons suspected of having a tumor of the cere- 
bellopontilc angle, for whom the posterior approach is indicated, should be added 
the younger patients with trigeminal neuralgia. In substituting Sjdqvist’s 
trigeminal tractotomy for sensory rhizotomy in the treatment of trigeminal 
neuralgia, the same criteria in the selection of cases must be used ; the cerebello- 
pontile angle should not go unexplored when exploration is indicated. This is 
po.csible, since the operation is easily done through a midline incision that is simpler 
than the larger muscle flap operation. 

SUMMARY 

A tumor compressing a peripheral branch or the ganglion of the trigeminal 
nerre may produce “ticlike” pain that usuall}* is accompanied by steady background 
pain, burning and numbness. The pain may pass for that of trigeminal neuralgia. 

A tumor of the cerebellopontile angle compressing the sensory' root may 
produce a pain sjmdrome indistinguishable from that of a tumor of the middle 
tossa, but symptoms from adjacent ner\'e roots usually aid differentiation. 

A tumor of the cerebellopontile angle may produce pain indistinguishable from 
niajor trigeminal neuralgia. Differentiating signs will appear later, but they may 
be absent at the time of examination and operation. 

Tic pain due to a lesion of either the middle or the posterior fossa is relieved 
by injection of alcohol or temporal section of the sensory' root of the trigeminal 
nerA’e. 

Patients with tic douloureux must be examined carefully for signs referable 
to a possible lesion of the posterior fossa. If any doubt exists, the rhizotomy should 
be done via the posterior fossa. Patients younger than the average with tic 
douloureux desen’e the posterior approach. 

The posterior approach is safe and results in little morbidit}-. The temporal 
approach, in the hands of those more familiar u'ith it, remains the operation of 
choice for the elderly, “poor risk” patient. 

^yhen trigeminal tractotomy is used for relief of tic douloureux, the cerebello- 
pontile angle must be explored in every- case presenting any question of a gross 
ctiologic lesion. 

140 Linw ood Avenue. 

29. Sj6q\-jst, O. : Studies on Pain Conduction in the Trigeminal Nen-e, Acta psychiat et 
neurol.. 1938, supp. 17, pp. 1-139. 
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Ihc problem of pcrsislciicc of typic.al preoperative st’niploms after cholecystec- 
tomy for supposed cholecystic disease is well known and extremely perplexing. 
Probably because their cause is not known, a voluminous literature containing 
many conflicting theories on the subject lias appeared. The symptom complex 
has been given many names, best known of which arc biliary dyskinesia,^ biliary 
dyssynergia and postcholccystcctomv syndrome. ^ 

The purpose of this study was to survey' an obscure aspect of the problem, 
namely', the role played by' a remnant of the cy'stic duct and the effect of its removal. 
The material was obtained from a review of 44 cases in which operation was per- 
formed at the Mayo Clinic in the years 1910 to 1940 inclusive because of per- 
sistence of symptoms after cholecystectomy'. These arc, of course, only’ a small 
proportion of the cases in which exploratory' operation was performed for such 
symptoms in that period, but in each of these 44 cases the surgeon remarked on the 
presence of an enlarged remnant of cystic duct and removed it. In all but 2 o 
these cases the patients were carefully followed. 

It has come to be generally agreed that cholecystectomy when performed with 
proper and adequate indication is a remarkably successful operation. If stones 
are present, permanent benefit is obtained in 80 to 95 per cent of cases, and only 
slightly less satisfactory are the results obtained by removal of noncalculous gall- 
bladders in which there is evidence of advanced disease." The presence of stones 
is evidence of disease, and in cases in which there is an adequate history of bibaiy 
distress cholecystectomy usually is indicated and offers a good prospect of pei- 
manent cure. Whipple = reported that the procedure failed to relieve symptoms 
in only 1.8 per cent of such cases. As the indications for cholecystectomy have 
become less rigid, less favorable results have been reported. It is undoubte y 
true that erroneous diagnosis may unjustly indict the gallbladder and after its i 


* From the Division of Surgery, the Mayo Clinic. j 

1. Westphal, K. ; Muskclfunction, Nervensystem und Pathologie dcr 

Untcrsuchungcn fiber den Schmerzanfall dcr Gallcnwege und seine ausstralilcnden _ 

Ztschr. f. klin. Med. 96:22-51, 1923; II. Expcrimentelle Untcrsuchungcn fiber m;, 

Bccinhussung dcr Bewegungsvorgange dcr Gallcnwege, ibid. 96:52-94, 1923; HI. Die 
tatsneurose dcr Gallcnwege und ihrer Bczichungcn zu dcren Pathologie, zur Stauungi 
zfindung, Stcinbildung usw., ibid. 96:95-150, 1923. . „ { 

2. Dwyer, M. F., and Dowling, G. A.: Results in Cholecystectomy, "'bb 

cnce to the Symptomatology and Diagnosis of Cholecystitis, J. A. M. A. Oic 

2/) 1932. Judd, E. S.; Clinical Versus Pathologic Cholecystitis, in Collected Fape 
Alayo Clinic and Mayo Foundation, Philadelphia, W. B. Saunders Company, J 3) 

pp. 152-156. Muller, G. P. : The Noncalculous Gallbladder, J. A. M. A. 89:786-7 9 ( 
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3. Whipple, A. O. : Surgical Criteria for Cholecystectomy, Am. J. Surg. 40. 

(June) 1926. 
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advised removal symptoms may persist in spite of tlie ojieration and not because 
of it. This is true in such a itroup of cases as those which constitute a portion 
of tlic present study, and. as will be shown, tlic m.ajority of the patients have no 
striking symptoms of biliar}- distress .and usually consult a physician because of 
vague indigestion. 


c.\usEs or Tin; i’ostcholecvstectomy syndro.me 

The persistence of symptoms after cholecystectomy occurs too frequently to be 
disregarded. The largest contributing factor probably is erroneous diagnosis, 
ft is often truly difiicult to distinguish functional biliary distress from that of 
organic origin. Ill advised operation also is an etiologic factor. Weir and 
Snell ^ have said that the inflammatory or degenerative residua of cholecystic 
disease constitute a leading cause for the persistence of symptoms. Severe 
cholecystitis is usually accompanied by a certain amount of hepatitis, cholangitis 
^ind pancreatitis. Although the inflammatory re.action in the gallbladder may be 
sufficient to'pfoduce the typical distress, tlie residual inflammation of the biliar}* 
tract, if not resolved, may account for an unsatisfactory- result. Stricture of the 
petrahepatic bile ducts may be another source of distress. It is relatively easy to 
injure them during cholecystectomy, and although complete stricture would result 
in jaundice or a biliary- fistula, incomplete or partial stricture, with its attendant 
niflamr-natory reaction, may account for some instances of persistent distress. 
Residual stones or putty-like material in the common bile duct is a well known 
cause of recurrent colic and jaundice. Hill’s ^ review of the literature, which 
cniphasized the subject of reciprocal innerv-ation of the musculature of tlie wall of 
flte gallbladder and tlie sphincter of Oddi, opened the discussion of the cause of 
biliar}' colic. In some cases in which the patients are hyperirritable. obscure 
dyskinesia or dyssynergia of the ductile system, combined with raalfuncdon of the 
sympatlietic and parasympatlietic nen-ous systems, may account for postcholecys- 
tectomy colic. Angulation of the duodenum by attachment to the denuded gall- 
bladder fossa also may conceivably cause a certain amount of postoperative 
flatulence and vague epigastric distress. Last of all, Sclimieden and Rhode first 
called attention to the part played by lesions of the cystic duct in cholecystic 
disease. Cole and Rossiter " lately have reawakened interest in this phase of the 
problem. They listed the possible lesions responsible for obstruction of the cystic 
duct (table 1) and called attention to the fact that the fundus of the gallbladder 
the time of cholecystectomy may appear entirely normal, just as in the reported 
cases of biliaiy' dyskinesia, but the cystic duct may be obstructed, kinked or bound 
down by inflammator}* reaction and be the cause of the distress. They said that 
3cute inflammation of the cystic duct is a common occurrence and pointed to the 
presence of brawny edema, adhesions and even small abscesses about the cystic 
duct as evidence. 

Cole and Rossiter reported 7 cases of cholecystic disease in which the symptoms 
^^ere typica l, but although at cholecystectomy the walls of the fundus of the gall- 

Y J- F., and Snell, A. : Svniptoms That Persist After Cholec\'stectomv : Their 

^''ature and Probable Significance, J. A.' M. A. 105:1093-1098 (Oct 5) 1935. 

a. Hill, H. A. : Functional Disorders of the Extra-Hepatic Biliarj- System ; Biliary- 
issjnergia or Dyskinesia, Radiology- 29:261-278 (Sept.) 1937. 

^'^'’ipisden. Y., and Rhode. C. : Die Stauungsgallenblase mit besonderer Berucksichti- 
ns der Atiologie der Gallenstauungen, Arch. f. klin. Chir. 118:14-53, 1921. 

Gal/nPj'f’ Rossiter, L. .T.; The Relationship of Lesions of the Cvstic Duct to 

“'adder Disease, Am. J. Digest. Dis. 5:576-586 (Xov.) 1938. 
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bladder appeared essentially norma! one or more of the lesions listed in table 1 
were found in the region of the cystic duct. Cholecystectomy relieved the synij)- 
toms in all of these cases. Had the diseased cystic riucts not been recognized and 
removed, the patients may well have become "neurotic” atid the so-called post- 
cholecystectomy syndrome might have developed. This thought gave impetus to 
the present study. 

Investigation of the anatomy involved demonstrated the possibility of such 
an oversight in surgical technic, because there is probably no portion of the body 
more subject to anomalies and wide variation than the gallbladder and its cystic 
duct. Operation in this region lends itself readily to the possibility of amputating 
the gallbladder above an anomalous cystic duct and leaving a good-sized stump 
which may dilate, remain inflamed or contain calculi. The cystic duct is usually 
about 3 mm. in diameter, that is, half the diameter of the hepatic duct, but it is 
31 to 37 mm. in length. It begins at the neck of the gallbladder, which is cun'cd 
medially toward the porta hepatis in the form of the letter “S.” Around the 
interior of its cavity at this point are a series of crescentic folds, which are placed 
spirally and form the valvula spiralis of Heister. The cystic duct pursues a course 

Table 1. — Lesions Responsible for Obslruction (Partial or Temporarily Complete) of the 

Cystic Duct * * 


1. StcnoslB produced by surroundlnR ndlicslons 

2. Stenosis produced by n thickened wnll 

n. Owing: to acute Inflammation 

b. Owing to dlfluso flbrosis 

5. Congenital or inflammatory twists or kinks 

4. Congenital or Inflommntory lesions oi the valves of Holster 

a. Fibrous strands 

b. Local deposition (nodules) of fibrous tissue 

c. Stricture caused by scar 

d. Valvcllko anomalies 

6. Stone In the duet 

0. Tension Induced by enlarged liver 

7. Compression or filling defect caused by tumor or lymph nodes 

8. Anomalous hepatic or cystic artery 

• As determined by Colo and Eosslter.’ 


backward and medially to join the hepatic duct and form the common bile uc • 
There are many variations in this course and many irregularities in the shape, 
situation and size of the cystic duct. 

In our study it soon became apparent that the 44 cases could be divided. into 
two well defined groups. The first group includes 18 cases in which calculi 
found in the common bile duct or in the stump of the cystic duct when 
was performed to relieve the persistent distress which occurred after " 

tectomy. In 11 of the 18 cases the calculi were found in the common bile due . 
and in 7 the calculi were found in the stump of the cystic duct (table 2). 
second group includes 26 cases in which no calculi were found at the 
tion. The enlarged remnant of the cystic duct was removed in all of the 
(table 2). 

GROUP I 

In the 18 cases which comprise this group, 13 of the patients were women an ^ 
5 were men. When the operations were performed for the relief of .the persis 
distress, the ages of the patients ranged from 24 to 66 years. In 16, or 
cent, of the cases which comprise this group, definite gallbladder colic had 
present before the primary operation on the biliary tract was performed- I » 
had been associated with severe attacks of nausea and vomiting and residual - 


Tadi.k 2. — Clinical and Pathologic Observations and Treatment 
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“erst, is ‘iii -s ::is:':rs 

cases in this group, cholecystog^a^ ha 

the 2 remaining cases, the patient had iioi presence of calculi. In 

cholecystic disease, but in ] of thfm r .* ! "cre characteristic of 

cholelithiasis. In 1 of the 2 cases fhn ffcnologic examination had fli.sclosc(l 

constant indigestion, but in the otW ^ complained of vague, mild, rather 
genologically, the patient had nn^ i ' stones were demonstrable roent- 
warranted in at least 16 of tlie IQ symptoms. Cholecvstectomv was 

sufficient indication for cholecystecfomr n calaili is 

1 of these cases. ^ cctom>, the operation was indicated in all hut 

the patients were subjected to^rhn1^°*^^ pcrlormed several years before 

tectomy was the primary- onerativf. ectomy. In the remaining ]6. cholecys- 
sequent operation disclosed a sfnn»^ Procedure. In the 11 cases in which a sub- 
cholecystectomy and the aDneann r duct, the intcn-al between 

less than one month in 9 case<; t ic persistent postoperative distress was 

only 5 of these cases, but severe n-jiS years in 2. Jaundice occurred in 

tomy was performed and tlie p„It these 1 1 cases, choledochos- 

Microscopic examination discins.rl tlie cystic duct was removed, 

of the cystic duct in 9 of the 11 nc ^‘■'^^cute or acute inflammation of the stump 
duct probably is sufficient to pvnJn,- ^^*1 ^ presence of a stone in the common bile 
mation of the stump of the rvcfi^ P'^rsistent symptoms, but the active inflam- 
^ As stated previously, I 7 ol«Tl 

Stump of the cystic duct wlipn group 1 a stone was found in the 

distress which occurred after eiaoi ^ "'as performed for the relief of the 

after cholecj^stectomy in onlv i The distress occurred immediately 

patients felt greatly relieved for ^ ' oases. In the remaining 6 cases the 
had been performed. The hia- •'uonths to nine years after cliolecystectomy 

In the other cases the natipruc^^'^ of biliary colic in only 1 case, 

bladder, mild epigastric distrp<;c^^^^ ^uted of soreness in the region of the gall- 
7 cases, >’—.-''1 vomiting. In 3 of 

subacutely inflamed. In 6 of tl ^ 7 contained a stone but also was 

the time of the subsequent operation^^^^^' common bile duct was explored at 

fossa. The operative ^ duodenum was adherent to tlie gallbladder 

In 10 of the 11 cases ' V mention severe angulation of the duodanim. 
careful effort was made tn"^Kf ^ was found in the common bile duct, a 
relieved the persistent distrec^ ’ foUow-up data. The subsequent operation 
been indicated in all 6. In 1^^’” cent. Cholecystectomy had 

ma}' be subject to question cases in which the indications for cholecystectomy 
distress, although a stnm. operation failed to relieve the persistent 

In 2 of the 4 cases ‘ ' from the common bile duct, 

persistent distress, the subsequent operation failed to relieve the 

complained of “the same nm J- ^ returned to the clinic on several occasions and 
tried” had failed. In 2 of tl “everything that had been 

1 of these choledochoduodpn^'^^f^ cases, other operations have been performed, 
tectomy for relief of the dist performed within a year after clioleQ'S- 

still complained of attacks years after the last operation the patient 

dyspepsia. In the other casp ^*^*1 vomiting, vague epigastric distress and 

nfter the first operation cxploratoiyr operation was performed ten months 

ie relief of the distress that occurred after cholecys- 
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tectoiny. No calculi were toiuid at r.poration. A T tube was left in the common 
bile duct for a long lime. The distress continued, and within two months the 
common bile duct was explored again. Four years after the last operation the 
patient was having attacks of bloating and disrress about twice a month. 

In 1 of the 7 cases in which operation for the persistent distress disclosed a 
stone in the stump of the cystic duct, the patient died of cardiac failure seven years 
later, and we were unable to obtain any information about the results of the 
operation. Follow-up data are available in the remaining 6 cases. The results 
were satisfactory in 5. or S3.3 jicr cent. In 4 the persistent distress disappeared 
alter the operation and the patients were in good health when last heard from. In 
1 of the 6 cases the patient has had at least two attacks of nausea, vomiting and 
severe indigestion which were similar to those she had experienced before the last 
operation. 

Analysis of the results obtained in the cases in group 1 revealed one outstanding 
tact, namely, that the subsequent operation relieved the persistent distress in a 
large proportion of cases in which the indications for cholecystectomy appear to 
have been adequate. 

GROUP 2 


In the 26 cases which comprise this group. 20 of the patients were women 
and 6 were men. Wdien the operations were performed for the relief of the per- 
sistent distress, the ages of the patients ranged from 25 to 66 years. For several 
years before cholecystectomy had been performed, the patients had had symptoms 
which had been ascribed to disease of the biliary tract. In 5 of the cases the 
patient had been subjected to cholecystnstomy before cholecystectomy was per- 
formed. 

In the 19 cases in which stones were found in the common bile duct, in the 
remnant of its cystic duct, the past history indicated that the patient had had 
cholecystic disease before choleci’stectomy was performed and tlie operation appears 
to have been indicated. All of the 19 patients had had t 3 'pical attacks of indiges- 
tion. which had been accompanied by nausea and vomiting, and 10 had had pain 
in the right upper quadrant of the abdomen, which had been severe enough to 
require medication. In 4 of the cases jaundice had followed one of the attacks 
^nd in 2 tlie patients had had attaclcs of chills and fever. In all of the 19 cases, 
calculi were found in the gallbladder when cholecvstectomv was performed. In 
/ 01 the 26 cases in the group, the patients had had few symptoms which would 
suggest sufficient disease in tlie gallbladder to indicate cholecystectoinj’. The 
S}niptoms had not been severe in any of these cases, and in most of them the 
•stress had been minimal. Cholecystography had failed to reveal an}- calculi, and 
none were found when cholec 3 'stectomy was performed. Colic, jaundice, chills 
or fever had not occurred. The most frequent S 3 'mptoms had been d 3 ’’spepsia, 
constipation, and these had been noted for several 3 "ears. It is probable 
at the diagnosis of cholec 3 -stic disease was erroneous and that the postoperative 
•stress occurred in spite of, and not because of, cholec 3 -stectom 3 -. 

ir a of the 7 cases in which calculi were not found in the gallbladder, the S 3 'mp- 
^^iis recurred immediate!}- after cholec 3 -stectom 3 - was performed, that is. before 
c ? Pntients were dismissed from the hospital. In 11 of the 19 cases in which 
te ^ * '"■ere found in the gallbladder, the S3’mptoms recurred soon after cholec3-s- 
performed. The S 3 Tnptoms were similar to those which had occurred 
However, colic occurred in fewer cases than it had before opera- 
The - said to have occurred in 2 cases, but this could not be verified, 

ot tl S3-mptoms were persistent soreness in the right upper quadrant 

1C abdomen, bloating, d 3 -spepsia, flatulence, p 3 -rosis and constipation. \'ague 
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and atypical pain, which was present more or less constantl)’ in the right upper 
quadrant of the abdomen, was almost a constant feature. 

In all of the cases in this group, subsequent operation disclosed enlargement 
of the stump of the cystic duct. Microscopic examination of tlie sections of the stump 
disclosed subacute inflammation in 5 cases, acute inflammation in 16 and chronic 
inflammation in five (table 2). Although the common bile duct was enlarged in 
all of the cases, the enlargement was no greater than that usually observed after 
cholecystectomy. Mild pancreatitis or hepatitis or both was observed in 11 of 
the 26 cases in this group. No severe inflammation of the pancreas, liver or bile 
ducts was observed. In all of the cases the duodenum was adherent to the gall- 
bladder fossa, but severe angulation was not noted. In a few cases the surgeon 
expressed the opinion that this mild distortion of the duodenum was sufficient to 
produce symptoms. 

In analyzing the results of subsequent operation in this group of cases, the most 
striking feature -was the condition of the patients in the 7 cases in which the indi- 
cations for cholecystectomy may be subject to question. Although one to seventeen 
years had elapsed since operation was performed for the relief of the distress that 
had occurred after cholecystectomjq the patients still complained of tire “same old 
distress” and 6 requested that further surgical procedures be employed. The 
other patient induced another surgeon to perform an exploratory laparotomy for 
“adhesions” three years after the stump of the cystic duct had been removed at 
the clinic. Since the last operation, she has been seen repeatedly at the clinic, 
and the persistent distress is still present after twelve years. 

In the remaining 19 cases in this group, the indications for cholecystectonn 
appear to have been adequate. Follow-up data are available in 17. In IF o* 
64.7 per cent, the subsequent operation relieved the distress. In 6, or 35.3 per cent, 
the distress was still present when the patients were last seen at the clinic. 

COMMENT 

Follow-up data were available in 40 of the 44 cases in this series. In 31 of the 
40 cases, the indications for cholecystectomy may be said to have been adequate. 
In 22, or 70.9 per cent, of the 31 cases, the persistent distress was relieved y ^ 
subsequent operation which consisted of removal of the stump of the cystic uc 
and removal of calculi when found in the common bile duct or in the ^ 

the cystic duct. A subsequent operation failed to relieve the distress in all o i 
9 cases in which the indications for cholecystectomy may be subject to question 
Considering the entire group, about half of the patients were relieved by the su - 
sequent operation. 

SUMMARY AND CONCLUSIONS 

Biliary dyskinesia, regardless of its cause, is a distressing problem. The two 
most probable causes of its occurrence are (1) erroneous diagnosis of cholecys i ^ 
and ill advised removal of the gallbladder with the persistence of some . 

disorder of the choledochus sphincter and (2) residual inflammatory disease of 
liver, pancreas or ductile system. The possibility that some inflammator)' 
mechanical lesion of the cystic duct may cause typical symptoms of 
disease suggests that a similar lesion in a remnant of cystic duct may be 
cause of persistent pain after cholecystectomy. In many cases the removal o 
remnant of cystic duct has been coincident with choledochostomy and 
lithotomy. If the original operation was performed on the basis o a ^ 
historical or roentgenographic indications or both, about 70 per cent of t e pa 
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have been found to obtain relief of persistent symptoms by the second operation 
in 'which the cystic duct witli or witliout stones is removed. 

In tliis scries of dd cases all specimens of cystic duct removed showed evidence 
of disease; in 35 cases (79 per cent) there was evidence of recent inflammation. 

In a series of 26 cases of biliar}’ dyskinesia in wliicli at tlie second operation 
only an enlarged inflamed remnant of cystic duct was incriminated and removed, 
approximately 65 per cent of the patients were relieved of their symptoms, pro- 
vided that the first operation was well advised and necessary. If the first operation 
was perfonned on the basis of inadequate indications, 100 per cent failure resulted 
from the secondary operations in whicli only draniage of the common bile duct or 
removal of a remnant of cystic duct could be accomplished. 

Too great stress cannot be placed on the importance of operating only in those 
cases in which there is definite and conclusive clinical or roentgenographic evi- 
dence of disease of the biliary tract. At the time of operation, meticulous care 
must be exercised in order to avoid damage to the common bile duct but at tlie 
same time all but a very small remnant of the cystic duct should be resected. In 
those cases in which the patient unfortunately experiences persistence or recur- 
rence of pain after cholecystectomy and in which reoperation is deemed necessary, 
diligent search should be made for a remnant of the hepatic duct whether or not 
calculi are suspected in the common bile duct. 

The Mayo Clinic. 



RETICULOCYTOSIS FOLLOWING ABLATION OF FRONTAL 

CEREBRAL CORTEX 


FRED A. METTLER, M.D., Pii.D. 

KEW YORK 

In the course of studies on the evidences of autonomic iin])alance which follow . 
removal of cerebral cortexd it has been possible to show that some of these eftects 
are specifically due to frontal injury. One of these, as indicated in a preliminary 
report, “ and the easiest to follow is reticulocytosis. The present investigation is 
concerned with the latenc}' and degree of this response of the blood as engendered 
by a frontal lesion. 

EXPERIMENTS 

Adult dogs which had been examined for freedom from parasites were placed 
on a standard diet and, after a preliminary observation period of thirty days during 
which the weight and reticuloc 3 'te count were frequently checked to ascertain that 
stability was being maintained, were subjected to simultaneous bilateral removal 
of all frontal cerebral cortex, as far back as and including the postsigmoid 
Care was taken to avoid infringing on the caudate nuclei or the ventricular system. 
The olfactoiy tracts and the piriform cortex were also left intact. Such mi 
operation can be done with insignificant loss of blood, but since an intracranial 
factor other than interference with the function of the frontal lobes might be con- 
sidered responsible for the results obtained, control animals were subjected to 
bilateral removal of an equivalent amount of occipital tissue. Four series of o 
animals each were studied, 1 animal in each series being a control. No appreciable 
1 eticulocytosis occurred in the animals with occipital lesions but in all the animals 
u ith frontal lesions the reticulocyte count increased. The maximum increase vas 
7.1 per cent (from 0.3 to 7.4 per cent) (chart 1) and the minimum 3.75 per cent 
(from 4.25 to 8.0 per cent) (chart 1.). In practically all cases the response to 
removal of frontal cortex consisted of an almost immediate initial - shower o 
reticulocytes and, after a latent period of about four days, a maximum response 
which was succeeded by lesser showers and some slight instability. 


COMMENT 

Bilateral removal of frontal cortex is usually followed by at least a tempoim.t 
inability on the part of the animal to feed itself. In spite of careful hand wateiin^ 
and feeding there is generally some loss of weight, and it might be imagined tnT 
the 1 eticuloc 3 ''tosis is due to hemoconcentration. Reference to the records of weig \ • 
lou CA er, revealed no inverse relation between loss of Aveight and inci ease 
reticulocytes. Moreover, if hemoconcentration AA'ere the cause of the increase tlieie 
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should liavc been a simiiltaiicoiis increase in tlic nuini)cr of tlie otlier formed 
elements of the blood. Ivcfcrencc to the erythrocyte count failed to disclose any 
sudi parallelism but revealed instead a rapid drop in the number of red cells. 
Further, it was observed that the reticulocyte showers were regularly preceded 
by the appearance of unusual numbers of hemokoniae. These elements were first 
obsenxd by the technician assisting with the work (Mrs. Cornelius Elsasser). and 
their appearance suggested genuine hemopoietic stimulation. 


RETICULOCYTES 

FERCESTAGE r»c<fT»i. occtciML 


BLOOD COU.VT 
MILLIONS 



PREOPERATIVE DAYS postoperative 

Chart 1. — Comparison of tlie effects of typical frontal (3 dogs) and occipital (2 dogs) 
Operations. It T\-ill be observed that the animals with occipital lesions showed no appreciable 
feticul^ytosis but that the reticulocyte response to frontal operation consists of a slight, 
unmediate, unsustained rise which is followed by a more evident rise occurring after a latent 
period of about four days. Subsequent instability may be e.xpected (chart 2). E, erythrocytes; 
E. reticulocytes. 



— ^°™P3rison of the reticulocj-te and the gastric additj- curve of the same animal, 
th ' ? roughl}- parallel, it cannot be said that the hemo^ietic response depends on 

e cianges in aciditj-, since the former generally lags sHghtb" behind the latter. 


f u ^ experiments I have encountered a relative peripheral anemia 

0^ owing cortical removal. It is also known that cortical removal may be followed 
J -ushing of the gastric mucosa, splenomegah* and increased response to 
^mephrine,^® ‘circumstances which argue for visceral er\-throc 3 -tic stagnation and 
- ^plain the peripheral anemia. In the present experiments the en,-throcyte 
r* usualh' dropped after frontal operation (but not after occipital operation). 
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sometimes declining gradually for two or three days. It is not inconceivable that 
visceral vasostasis may be the indirect cause of the reliculocytosis since it produces 
peripheral anemia, but another factor remained to be considered. By some 
mechanism, the nature of which is not precisely clear, removal of frontal cortex 
may produce gastric hyperacidity,^'* and it is worth noting that the latent period 
of the maximum reticulocyte response to removal of such cortex is approximately 
the same as that after the administration of liver or gastric extract (three to five 
days). I therefore decided to follow the time relationships between the rcticiiloc)’te 
and the acid response after bilateral removal of frontal cortex in an animal with a 
previously prepared gastric fistula. The result is shown in chart 2. The 
characteristics of the acid curves were irregular but suggestive of those of the 
reticulocyte response. Simultaneous stud)-^ of total acid and reticulocyte cuives 
K a lough paiallelism, but the rise in gastric acidity generally lagged slightl}' 
behind the reticulocyte response and cannot therefore have stimulated it. Pre- 

suma y oth results are due to some common cause rather than dependent on each 
otner. ^ 

CONCLUSION 

Removal of frontal cerebral cortex from the dog produces a reticulocyte 
response not seen after other cortical operations. This is not the result of injury 
0 su cortica nuclear areas, nor is it due to hemoconcentration. 

630 West 168th Street. 



REPAl]^ OF LARGE CRANIAL DEFECTS 

RUrORT OF A CASE IN' WHICH A I.ARGi: CRANIAL DEFECT WAS 
REPAIRED r.V A GRAFT FROM THE ILITM 

VASILIOS S. LAMBROS. M.D.* 

CHICACO 


From a survey of tlic literature ’ it appears that tlie fact that a large amount 
ot bone maj' be obtained from the ilium as a transplant for repairing a cranial 
defect is not well known. The case to be reported demonstrates that a large defect 
of the skull may be repaired by utilizing almost the entire outer table of the ilium 
^ttth only temporar}’ impairment of function of either the pelvic bone or the muscles 
detached from it. 

_ E. _B. P., a 26 year old man, was referred by Dr, Thomas C. Douglas to the University 
01 Chicago Clinics on Oct. 15, 1941. His complaint was of a bony swelling, which had been 
present in the right parietotemporal region for two and a half years. He stated that the 
pass had remained stationary in size for two years but that for the past five months it had 
"JP^sed in size. On May oO, 1941 he had a severe headache accompanied by a transitory 
shght impairment of memorj-. In July headaches of a sharp knifelike character developed, 
espeaally over the right parietal region. Often they were accompanied by periods of transient 
dizziness. The day before his admission to the hospital he e.\'perienced numbness in the fourth 

fifth fingers of his left hand. This gradually spread to the rest of the hand and to the 
orearm. He described his arm as "being strange but not numb.” At the same time he noted 
wat fte left side of his face was numb and that his tongue felt thick and difficult to maneuver. 

had no muscular weakness. 

. Physical examination revealed a hard nonfluctuant mass, measuring 8 by 8-5 cm., over tlie 
^ght frontoparietal area and merging with the surrounding bone. No bruit was audible. 
•Neurologic examination revealed no abnormality except that the left arm did not swing as 
much as the right. 

Lateral roentgenograms of the skull demonstrated a large area of sclerosis, measuring 
about 9 cm. in diameter, in the right frontoparietal region. The central part of the sclerotic 
rea •Was less dense than the periphery. Radiating toward the center were dense bony spicules, 
^gential -r-iews of the sclerotic area showed lines of density radiating from the inner table 
t W peripherally into the mass, which had elevated and markedly thinned the outer 

lable. The skull was approximately 4 cm. in thickness. The inner table appeared to be 

T>toct (fig. 1). 

The blood and the urine were normal, and the Wassermann and Kahn reactions of the 
Wood were both negative. 

v)n October 24 Dr. A. E. Walker performed a right frontal craniectomy and removed a 
diagnosed as meningioma. A horseshoe incision ivas made with the base in the tem- 
outs'rl The incision anteriorly followed the hair line and posteriorly was 1 to 2 cm. 

*06 the m argin of the hj^perostosis. The tissues of the scalp were quite vascular, but the 

Fellow of the Douglas Smith Foundation. 

From the Division of Neurological Surgery, Universitj- of Chicago. 

B P.: Greffes craniennes. Arch. gen. de chir. 10:302, 1914. (b) Phemister, 

nlaif communication to the author, (c) Pickerill, P. : A New Method of Osteo- 

Rest of the Skull, M. J. Australia 2:228, 1931. (d) Money, R. .A.; Osteoplastic 

Skull, ibid. 2:269, 1932. (e) Klages, F. : Plastische Deckung grosser 

“®'*ulucken aus dem Beckenkamm, Zentralbl. f. Chir. 28:1580, 1939. (/) Rehn, cited 

and V Klapp, cited by Klages, (/i) Naffziger, H. C., in discussion on Grant, F. C,, 

(i) Eepair of Cranial Defects by Cranioplastj-, Ann. Surg. 110:511, 1939. 

^affzLrp ’A ■ Osteoplastic Repair of Cranial Defects, Am. J. Surg, 46:365, 1939. (f) 

W Gr ’ w Restoration of Defects of the Skull, Ann. Surg. 104:321, 1936. 

0., and Norcross, N. C. : Repair of Cranial Defects by Cranioplastj-, ibid. 
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bleeding was controlled witliout great di/]]citlt 3 '. I’cri'orations were placed so ibai two saw 
cuts could be made botli anteriorlj' and posteriorly outside the involved bone. The medial 
limb of the bone flap was rongcured away, since it lay almost over the superior longitudinal 

sinus. The scalp was reflected from the hyjicrosfosis, and the bone flap was fractured. The 

temporal muscle was seized with a Kocher forceps and cut so that the hyperostotic bone 

was removed in one piece. The cut edge of (he teini>oral muscle was sutured to control 

bleeding. The exposed dura was quite firm over an area altout 4 by S cm. in diameter, 
although there was relativelj’ little bleeding from this area. The adjacent dura appeared 
normal in consistency. The dura was incised about ] cm. outside the firm area, and this 
incision was made in normal dura mater around the entire circumference of the tumor. 
The tumor was carefully dissected from the brain tissue and delivered from its bed. On the 



l-ig. l.~Right lateral roentgenograms of the skull taken as follows; (i) before °P • 
showing the large area of hyperostosis in the right frontal region. (2) after the first oper. 
showing the large defect following the removal of the tumor. The size of the tumor m- 
esUmated by the outer ring of silver clips. The central group of clips are in tie ' (.gfts 
bed of the tumor. (5) after the second operation, showing the defect filled with 
from the external table of the ilium. (4) six and one-half months after the second op 
snowing some absorption of the osseous grafts, 

medial border it was found to be attached to the dura mater along the 
It was cut away after the margin of the sinus had been clipped. A branch of tic 
vein was clipped. On inspection the tumor seemed to be completely removed excep 
the anterior margin of the bony defect. Accordingly, 1 to 2 cm. of bone was 
irom tins region. A piece of fascia lata shaped to the dural defect had been removes 
the right thigh; it was sutured in place with black silk. The skin was closed w” 
layers of sutures. 


L.lMlfh'OS—h'IlP.llK or I.ARGIi CR.IXIAL DllVllCrS 


1 lie patlioliveic .■•iHi'iiticii' c<lIl^i'le(l of the liyi)er<i>i<)tic Ihhic, inenMiriiiK 11.3 liy S.5 by 
■1-a cm. and wei^iliinc 2(i.i riin.. :in<l a iiia'-v ni tniimr li'-^iie nttnclied to tbe dura mater. 
nieasuriiiR 7 by (i by 4 cm. and'^wcieliinit 

The Iwiic was covcrcil <m its outer cimvc\ surface with mtiscle and iieriosteuin and was 
tirni c.Nccpt lor a .soft central area 5 to o cm. in diameter. Tbe concave or inner surface 
ot the bone was ron.ebcned by fine bony trabeculatioiis. Sectionin.i; tbrou.t;b tlie center of tbe 
bone revealed a lle.sby mass 1 to J cm. in tbickne.ss between tbe bony tables. 

Xunierons Iv-iny spicules, nsnally radiatinp: to the dome, passed ibroiisb this mas.s. The 
central portion of the c.Mernal table was comiHised almost entirely of soft tumor tissue. 

Sections IbrouRli the bone showed markcil osseous proliferation with multiple fine bony 
spicules. The younp lionc was poorly calcified. I’ctween the bony spicules was an inter- 
twinint; nias.s of connective tissue, tumor cells with tbe same cliaraeteristics as those in the 
tumor proper and small amounts of normal marrow. The periosteum could be traced from 
tile margin of the hyperostosis to its dome. The hyperostosis was infiltrated with tumor tissue, 
which bad not penetrated the jicriosteum at any i>oint. 

The tumor was covered on one side by thickened trabeculated and roughened dura mater. 
On the opposite jiole it was iitHluIar. but the surfaces of these excrescences were smooth. 
Sectioning the tumor revealed coarse trabeculation with a tendency toward radiation from 
the dural surface. Its firm coarse-grained surface contained nnmerous small brown licmor- 
rhagic areas. 

The tumor was composed of lanceolate cells with medium-sized nuclei, which varied from 
oval to round. The cells were irregularly arranged parallel to each other or in whorls, 
fn areas the cells were separated by clear spaces, presumably edema. There were many 
hyalinized areas scattered throughout, a few of which had calcosplierites. In a few places 
the cells were enlarged and had eccentric nuclei and honeycomb cytoplasm, probably repre- 
ienting fattj- degeneration. Keticulin was seen only surrounding the blood vessels. 

The pathologic diagnosis was psammomatous meningioma with hyperostosis. 

On November 8 bone was transplanted from the ilium to the defect in the skull. Dr. Walker 
reflected the scalp. This exposed a large cystic cavity with a smooth wall, bounded internally 
hy the fascial transplant and c.\ternally by the subcutaneous tissue. The cavity contained 
xanthochromic fluid, which escaped as the cutaneous flap was reflected. The bony margin 
01 the cavity was freshened, and the periosteum in the anteroinferior portion of the incision 
out away. Since at tlie previous operation the periosteum in this region was slightly 
thickened, and since microscopic examination of a specimen from this area had revealed 
eiidence of tumor, the periosteum was removed to normal tissue. -A. rubber patch was shaped 
to fit the defect in the skull. 


. T)r. D. B. Phemister made a large horseshoe-shaped incision along the crest of tlie right 
Ilium. This extended downward 4.5 cm. from the anterior and posterior iliac spines. The 
muscles were stripped from the entire side of the ilium. There was much oozing, but the 
bleeding points w’ere controlled by catgut ligatures. The patch of rubber tissue cut to the size 
of the defect in the skull was laid on tlie side of the ilium with its long a.xis placed antero- 
Postenorlj-. With a narrow chisel, the graft to be cut was outlined. It was divided into 
. ’’00 portions by making two cuts running longitudinallj- with the body, about one third of 
of^ ?*^*b^bce from either end (fig. 2). With a thin, wide-beveled chisel, the tabula externa 
the anterior graft, extending forward to the anterior spine, was chiseled off from above 
ownward. This graft was slightly cun'ed as it was cut away. The middle graft was cut 
^om above downward in the same way, its base lying anteriorly just above the acetabulum, 
e entire^ thickness of the ilium was removed at the normallj' thin region ; elsewhere the 
oif division passed through spongy bone. The posterior graft was cut from above down- 
Aard, Its posterior limits extending to witliin 2 cm. of the posterior inferior spine. There 
°bzing from the denuded bone, which comprised at least four fifths of the lateral surface 
the ilium.^ The flap was reflected, and the deep fascia of the gluteal muscles was sutured 
’I'bc crest with interrupted chromic catgut sutures to the muscular attachments 
9”^ Penrose drain was inserted posteriorly. The subcutaneous tissue was sutured 
’ plain catgut and tlie skin with interrupted silk, 
p bone graft was fitted into place in the anterior third of the cranial defect, 

^^^orations were made in the graft and in the margins of the defect in the skull, and the 
t ” place with silver wire. Each of the subsequent grafts was similarly fitted 

h»° defect, the inner surface of die graft being exposed and the smooth e.xternal surface 
surf^ °PP°®ed to the fascia lata (fig. 3). The skin was turned down over the roughened 
iii'th'^^ Sralts and closed with interrupted black silk sutures, one layer being placed 

e subcutaneous tissue and one laver in the skin. 
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external rotation while^ posterior splint with a cross bar rest to prevent 

uneventful. 'vere becoming reattached. The postoperative course was 

the second operation h^had 'some^^^^ ^ "'***'* crutches. Two months after 

of the thigh Five months "’^^Irriess of the abductor and internal rotator muscles 

tgn. months after the operation he was allowed to walk without crutches. 
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if I>e c.-irricrl n Jicnvy Jo;k1 slight limp 
A' ZL^Mr.^TZ'.l ™ '"“"'■™"'“'. '» ""“''I'-- '» r.,„ ,vcil. Ttesr„w 

COM ^r ENT 

cavil lu that a large graft may be obtained from the ilium to 

the external t ciamal defect. Ihc average surface available for a graft from 

£blel n to n q' 14 to 15 by 9 to 12 cm. ; that available from the 

fracture mav He-i el -r obvious objection is that a spontaneous 

of a larjrp o-rafr ti ^ ^ after the graft has been removed. In the case 

ness of^thf crl, ) ^ lasting for several months as a result of veak- 

teams are neepQ^^- -^“Otber disadvantage is the fact that tn-o surgical 

formed Tliar ° carry out the hvo major procedures that must be per- 

bone from rihe fi result is superior to that obtained M'ith the use of 

it is no better tl^ ^ ff »iorc accessible parts is indisputable. However. 

substances. The I'^sirabL-tv of sM ^ f obtained u-ith the use of nonosseous 
ultimate fate of +1 t ^ ^ herculean procedure will depend on the 

or a nonosseous livelihood of infection if an osseous 

eventuallv^absf bed^^^f Kolodny '') that osseous transplants are 

be sufficiLt to mY i ^ ^ fibrous sheet is left. This layer may 

result Yet littl normal contour of the skull and give a good cosmetic 

oSus Jrafts wr?' a fibrous sheet of Tissue. Non- 

tissue reaction wbl 1 ’^advantage that they usually cause a certain amount of 
Sance coll , 7.7 predispose to infection. If, however, a nonosseous 

the advantaa-es of - dt 1 -t -7 the tissues unduly, it would have 

osseous grafts Vitalli?ir!i7 7*^ application, which are not possessed by 

tantalium have been suggested as such substances. 

can be readilv^^nl!? ^ in this clinic have been -using a plastic which 

evokes minimal re 7 ^ r desired shape and size (meth 3 d methacrylate^). ^ 
cutaneous flao Tvf 7 f tissues, so that little fluid collects under the 

j . . ^ P ^s ic may be used at the primary operation or inserted later. 

every 2 cm^ prepared in the desired thickness and size and perforated 

lufage of The With the aid of heat it is molded over a plaster 

place by silk sutures r>i i pl^^te, slightly larger than the defect, is held in 
to the under surfaee^ 77 the margin of the bone. The dura is sutured 

approximation of tb ^ ^ scalp through the holes in the plastic. This allows 

sionally the dura mat7 77 7"b obliterating a dead space. Occa- 

The scaln ^YOunr1 ' 1 7° elevated, but the result may still be satisfactory- 

neclS:^r„"« -3 ptS rstf. 

^ , SUMMARY 

graft from the 3, large defect of the skull was repaired by ^ 

LcoU3 °”b 3 t„c« 1 f - given in detail. Non- 

i' «>■= iiaane reaction 'were S'al'"' 

Plate, Surgerr 10:711, Repair of a Cratiial Defect witli a Vilalliue’ 
^llvcr, A. E. ; TaRctari 7 tt t nr 

4. Methyl metham-ltit.. ■ ’ Lambros, V. S.; Unpublished data, 

pany, Chicago, under the Fricke and Getz Dental Manufacturing Corn 

Company. New York. u7 rlhe^f"’^ by E. I. Du Pont de Nemours & 

uiiuer tiie trade name of Lucite. 



AX E\-ALUATIOX OF THE BLOOD Ti£ST I-'OR GALACTOSE 
TOLERANCE IN THE DIAGNOSIS OF 
HYPERTHYROIDISM 


XORMAX G. SCHXKEBERG, M.D. 
WILLIAM B. LIKOFF, M.D. 

AND 

DAVID R. MERAXZE, M.D. 


P.itltolosist .ntid Director of Lnboratorics 
rmi-.M'ni.rjtiA 


Several reports have apiicarcd in the literature conceruiug the e.\pericnce ot 
'3nous workers with the hlood test for ijalactosc tolerance first described by 
-Ythausen and Y’ever in 1937.^ \Vc ■ have found the test to be a valuable adjunct 
’u the diagnosis of hyperthyroidism, and it seems pertinent at this time to sum- 
■nanze and evaluate tlie results reported to date and to present our additional 
^^^perience with the test. 


Hirose,“ utilizing the test for galactosuria introduced by Bauer ^ in 1906. was 
file first to demonstrate an impairment of galactose tolerance in thyrotoxicosis. 
Lowe.' using a modification of Bauer’s test, found impaired tolerance to galactose 
'n hyperthyroidism, hyperpituitarism, adrenal disease, ovarian and pancreatic 
lailure and hepatic disease. Increased tolerance was noted in In-pothyroidism 
^nd hypopituitarism. Rowe stressed the complex factors affecting galactose 
metabolism in the human economy and believed that the tolerance as measured 
"ith his technic represented the algebraic sum of several reenforcing and antago- 
mstic agencies. 


The description of a method for the quantitative detennination of galactose in 
Wood by Raymond and Blanco ® in 1928 provided the impetus for the clinical 
'^^'^sfigation of galactose tolerance by means of blood tests. Harding and Grant ' 
3-dnfinistered 40 Gm. of galactose to 16 normal male subjects and concluded that 
10 peak of the concentration of. galactose in tire blood was usually not more than 


From the Laboratories and Wards of the Mount Sinai Hospital. 

L_ Althausen, T. L., and Wever. G. K. : Galactose Tolerance in HyperthjToidism, J. Clin, 
mestigation 16:257-259 (March) 1937. 

3 -• ^leranze, D. R. ; Likoff , W. B.. and Schneeberg, N. G. : The Blood Galactose Toler- 

J. Clin. Path. 12:261-271 (May) 1942. 

Dp yi. : Ueber die alimentare Galaktosurie bei Leberkrankheiten und Xeurosen, 

*^4 R “ed. Wchnschr. 38:1414, 1912; cited by MacLagan.is 
■lY , Fauer, R. ; Weitere Untersuchungen fiber alimentare Galaktosurie, Wien. med. 

^ 1906; cited by Rowe and McManus.^e 

AduU A Rowe, A. W. : Aletabolism of Galactose: Threshold of Tolerance in Normal 
j;)' Lrch. Int. Med. 34:388-401 (Sept.) 1924; (6) Metabolism of Galactose: Influence of 

Gala t Fndocrine Function, Am. J. M. Sc. 190:686-700 (Nov.) 1935; (c) Metabolism of 

193-'^ Influence on Tolerance of Coexisting Endocrinopathies, ibid. 190:701-708 (Nov.) 

ancp f T -A. W., and !McGuiness, M. : Metabolism of Galactose: Effect on Toler- 

Ro\ve° Ovarian Activity, .Am. J. Obst. & Gjmec. 16:687-698 (Nov.) 1928. (e) 

bon n ^’’d McManus, 1^1.: Metabolism of Galactose: Influence of Hepatic Dysfunc- 

g O Tolerance, Am. J. M. Sc. 181:777-788 (June) 1931. 

Su-nir ^^:^°nd, A. L., and Blanco, J. G. : Blood Susar Determination and Separation of 
% FWe Yeast, J. Biol. Chem. 80:631-642 (Dec.) 1928. 

f>’9 J-. and Grant, G. A.: The Metabolism of Galactose, J. Biol. Chem. 99: 

(Tan.) 1933. 
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Althauscraiid hif asloci!'!k^s . '/"I increased to 60 m^. 

to the study of hyperthyroidism and' die T- / test for galactose tolerance 
with sliglit modifications hv snii'se ^ 6cscri[)cd has been followed, 

of 10 to 30 „,g. peri™,;l.c Zr Tl,ey considered ,, conccuratio,, 

adramislration of 40 Gin. of n-ihrin,. . °f I’lcod normal after the oral 

tolerance and over 30 ma. deni-'esseri^i i 10 ing. represented increased 

to represent values of "doiihtful into'^ ^ found 

hyperthyroid patients so tested rnm - 1 /f 0”c Imndrcd and twenty-four 
gave doubtful results and in Id'* tolerance; in 5 patients the tests 

Paget's disease were presalted . 7 ' insufficiency and 

interfere with the test in the rtinr' clinical conditions that might 

ditions produced consistent denresr'^^*^ ^ ti’yrotoxicosis, since both of these con- 
work on animals® and the demn the basis of experimental 
administered galactose in 10 mfle.u! normal tolerance to intravenously 

tration had revealed the usin} -.''i ' ■’yP^''tiiyi'oidism in whom oral adminis- 
absorption of galactose from' the ^®^‘^*'^nce,-^'’ Althansen concluded that the 

He suggested that the thvroid Im*” n accelerated in thyrotoxic subjects, 
by accelerating its rate of absorption of galactose mainlv 

^lactose tolerance as an Ll™ TPZ?”-, ad\'’ocacy of the blood test for 
followed shortly by the demonolr^^ jnical test of intestinal absorption^® was 
intestinal absorption of aiherecif ^5' P*^ams, Free and Glenn” of decreased 
pellagra, nontropical sprue and m Pj^^'^^nts with deficiency diseases, such as 
the test as a means c/Zhmlh^ I" England, MacLagan vieved 

differential diagnosis of iaundicefj function t- and found it useful in the 

toxicosis.” Thirty of his 41 Fjtlging hepatic d 3 'sfunction in thyro- 

impairment in galactose toleraur/a . ^i^y*'ot<^>^’ioosis revealed definite 

normal average. MacL^(Ta. 1 'c ’'^‘'*''^i”i>tg H all had results above the 

widely from those noted hv Apr* abnormal Afalues differed 

was 80 mg, per hundred 7771 of normal 

insufficient to account for thp^*wM Variations in technic appear 

the two groups. Wilson ” nd) * ^”ference in the normal values obtained by 
MacLagan, found values -ilmJr^ an technic and standards reported by 

bad values in tiie 30 to 40 mp- thyrotoxic 25atients ; 1 patient 

adherence to MacLagan 's stt'id.I’f T- ^ °”’y ^ P^^spite Wilson’s 

closeljf paralleled those of values for subjects with Iwperthyroidism 

wcic hyperthyroid. Only 1 of those revelled normal 

(rt) Allhauscn T T • t i i 

s^id Discasc,”^^ M. H.': New Diagnostic Test 

!h Saesc, T. L W9i34MSl (March) 1940. (1.) 

10 ^ ^ot. J. Physio'/' ina of ilic Thyroid Gland on Absorpiioa 

10 Althauscn, T. L • a Z '‘z/*®’*- 123:577-588 (SenO 1938 
^ n Beams A F or Intestinal Absorption, Am. J. Digest. Dis. 6:S44-S49 

Gastro-Infcstinal Tract in Dcficicncv'^D^Qp”"’ Absorption of Galactose from the 

9^177 GaiSc To -’'""' J- ^^Scst. Dis. 8:415-421 (Nov.) 194]. 

n at" 1940. a Test of Liver Function^ Quart. J. Med. 

AiacLagan, N. P, • 

H^^MacLtgnn'iv^ Tolcr.incc in Jaundice and Hypcrtliyroidism, Proc. Roy. 

■] S: w'iSm 1: 7l}p '^“-^S’cWrt'ipfo' r 

■’•'-44 fjan. 10) 1942. Tolerance Test in Thyroto.vicosis, Itf. J. Australb I: 
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galaciosc tolerance. Ilowcvcr. l>cc;ui,'-o c>t tlic (li.'-covc“r\’ of clcprosscrl "alactose 
tolerance in a liotcro"cnc(nis collection of cii.'^casc entitic?, we stressed the value 
of normal results in e.xcludinj: the diaiino.^is of Iiypertliyroidism ratiicr tlian the 
value of ahnormal results in cstahlishin" that diagnosis. Smith. Jondahl and 
Oclisncr’*'- found 1 nonnal test (fioulitful rone') among 41 hypertln-roid patients 
studied. Of 20 jicrsons with hyperthyroidism studied by Rosenkrantz, Bruger 
and Lockhart nonnal tolerance was found in 1 : they too pointed out various 
nonthyroid states associated with depressed galactose tolerance. 

The detailed tcclinic of tiie test has been dcscrii)cd elsewhere.” Briefly, the 
concentration of galactose in samples of venous or capillary blood is determined 
thirty and sixty minutes after the oral administration of 40 Gtn. of galactose to a 
patient who has tasted overnight. Galactose values arc obtained by yeast fennen- 
tation of the dextrose in the blood and determination of the residual reducing 
substances. A fixed dose (40 Gm.) of galactose has been advocated ® because it 
exceeds the capacity for intestinal absorption during the period of the test. The 
results obtained with doses of sugars varying with body weight or surface have 
proved disappointing from the standpoint of unifonnitj’,' though some authors 
have maintained that this method is more accurate. Repetition of the test on 
the same person revealed excellent uniformity of successive determinations.” 

Galactose is absorbed by phosphor}‘lation in the intestine without transfor- 
mation and its absorption, within wide limits, is independent of its intestinal 
concentration and of gastric emptying time.” It is absent in the blood of normal 
tasting subjects," is not utilized as galactose by the tissues but must be converted 
first to dextrose in the liver,” is uninfluenced by insulin,”*’ is a well utilized sugar 
when given in small amounts and is not retained by any renal threshold.-’ The 
tactor of age per se, investigated by Rosenkrantz, Bruger and Lockhart,” appeared 
to exert little influence on galactose tolerance. 

Though Althausen established a definite range of values for tolerance tests in 
normal subjects,® an analysis of the results (table 1) obtained by other workers 
reveals a wider range of normal values in individual instances. Twent}--two (23.4 
per cent) of the 94 normal persons individual!}- tabulated had galactose values 
above 30 mg. per hundred cubic centimeters, and 6 (6.4 per cent) had values 
under 10 mg. 

Since our first publication ** we have performed additional tests, bringing tlie 
^tal number to 220 subjects, of whom 48 had definite clinical hyperthyroidism. 

ort}--five of these 48 subjects had values above 40 mg. per hundred cubic centi- 
meters; 2 had values in the doubtful 30 to 40 mg. zone, and 1 had a normal 
concentration. The average of the peaks was 84.2 mg., with a range of 25.4 to 
au mg. The one normal result was obtained for a 40 year old woman whose 
ssal metabolism was over -j- 30 per cent on two occasions and whose peak blood 
^alactose v alue was 25.4 mg. She improved considerably after subtotal thyroid- 

•p AI. C. ; Jondahl, W., and Ochsner, A.: The Significance of the Galactose 

ranee Test in Hyperthyroidism, Surg., Gj-nec. & Obst. 74:1083-1086 (June) 1942. 
an J. A. ; Bruger, M., and Lockhart, A. J. : Studies on Galactose Toler- 

^^P^cial Reference to Thyroid Disease, Am. J. Af. Sc. 204:36-41 (July) 1942. 

19 Likoff and Schneeberg.- Althausen, Lockhart and Soley.s 

betic V- T H., and Schwartzman, A. S.: Galactose Tolerance of Norma! and Dia- 
n,.., ^rO^ects, and Effect of Insulin upon Galactose Aletabolism, J. Biol. Chem. 96:717-733 
20^ H Glenn.ri 

After Nostrand, F. H. : A'’ariations in Blood and Urinarj- Sugar 

• 3 J of Galactose, J. Biol. Chem. 85:765-778 (Feb.) 1930. 

drate" t'”’ ^"d Berglund, H. : Transportation, Retention and Excretion of Carbohy- 

J. Biol. Chem. 51:213-273 (Alarch) 1922. 
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cclom>, and luicroscopit: examination of the ;,’land revealed moderate hyperplasia. 
Fifteen montlis later tlie te.st was re|)eated and revealed a ^odactosc peak of aO.S 
mg., though the ])atient was symptom free, 'I'ahle 2 smnmari/es the results 
reported in tiic literature for d{J-1 tliyrotoxic ])atients and reveals positive results 
in 280 eases (92.1 per cent). 

We have failed to confirm the rejmrted prompt return to normal of the galactose 
tolerance of ])atients after thyroidectomy, Althausen rejicated the lest "at the 
time of di.schargc from the hospital” for 22 patients and found that 18 (82 per cent) 
had returned to normal. 'I'wclve of 10 patients so inve.stigated by MacFagau " 
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showed a ^ “striking decrease in . . . galactose values . . . 4\vo weeks 

postoperatively.” Wilson included 6 patients in his tabulated results on who"' 
the test was iicrfonncd “after sulitotal thyroidectomy” hut docs not record t >< 
mteryal. The galactose peaks for 3 of these 6 patients were over 40 mg., •' 
tourth peak w.as .82 mg. We repeated the test on IS patients .with hyperthyroidism 
ten to fourteen days after subtotal thyroidectomy and found normal values in on 3 
o patients. In 12 of the 15 patients in wlioni deprc.ssed tolerance to galacto.''i 
per.si.sled the ha.sal metabolic rate had returned to normal, and in the 
tiie metabolism had been appreciably reduced by the operation. In addition, tli< 
test u.is pcifoimed on 1.5 patients on whom tInToidcctomy had been done one ^ 
preyiously. We had not the oiiportunity to perform preoperalive fes • 
cii of the 1.-' subjects .showed depressed g.alactosc tolerance. Despite tie- 
tindings, for only 1 of these 15 persons was ‘a second Ihyroiflectomy considerefi 
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necessary. This ])cnnanciicy of altered .calactnsc tolerance in .such a large per- 
centage of patients makes tlie test, in our e.xpericnce. unreliable as a diagnostic 
nid when a recurrence of thyrotONicosi.s is .su.spected. 

The test is found especially helpful in cxchidin.g the diagnosis of hyper- 
thyroidism in those patients in whom hypermetaholism (basal metabolic rate over 
■f20 per cent) and certain suggestive signs and symptoms of thyrotoxicosis 
coexist. In several such instances the implications of the normal galactose tolerance 
have been corroborated by further study and observation. Patient 1 was a woman 
three months pregnant with a basal metabolic rate of -f- 29 per cent, a peak 
^lactose of 11.1 mg. and clinical signs suggestive of hyperthyroidism. Siie 
tailed to improve after subtotal thyroidectomy, and pathologic e.xamination of the 
th\Toid revealed a normal gland. Patient 2 had a small goiter, hypermetabolism 
and nonnal galactose tolerance. Operation was performed without benefit to the 
patient, and microscopic examination of the gland failed to reveal any evidence 
ot thyroid hyperactivity. Patient 3, a 41 year old man with mild h}*pertension. 
^'as similarly thyroidectomized for suggestive toxic symptoms and signs and 
because of an elevated basal metabolic rate (plus 29 per cent). His blood galactose 
peak was 24.8 mg. When seen four months later he was clinically unimproved. 
One of us (D. R. M.) reported a “moderately colloid goiter.” In 2 similar cases, 
surgical intervention was contemplated but was postponed when a period of rest 
•n bed reduced the hypermetabolism and tachycardia to normal limits. Patients 
"itli severe hypertension frequently have elevated basal metabolic rates, readings 
ot T- 25 per cent or higher not being uncommon.-- In 5 such patients with normal 
galactose tolerance, hypermetabolism, provisionally ascribed to thyrotoxicosis, was 
lound to be incidental to compensated hypertensive cardiovascular disease. In 
cases of various functional and psychogenic disorders h\-perthyroidism is frequently 
suspected, and if hj-permetabolism coexists the differential diagnosis becomes 
difficult. In 2 such instances, the implication of the normal results obtained in 
galactose tolerance tests was soon strengthened by the clinical course of the 
patients. Of 21 patients with various psychogenic disorders (anxiety neuroses, 
wisterias, etc.) 18 revealed normal galactose tolerance: the galactose peaks of the 
remaining 3 were 37.2, 48.9 and 91.7 mg. 

Both ilacLagan and Wilson found galactose tolerance relatively unaffected 
.3 iodine therapy and indicated the value of the test in diagnosing thyrotoxicosis 
I’r patients who were first seen with nonnal basal metabolic rates after a course of 
looine therapy. Smith, Jondahl and Ochsner noted, however, that when 
patients with h}-perthyroidism showed a good clinical response to preoperative 
man^ernent and medication the galactose curve tended to approach normal, though 
’rot in direct proportion to the basal metabolic rate. We tested 5 h}-perthyroid 
patients on the day before operation after iodine therap}-. In 4 of these 5 patients 
rgn galactose values persisted. These results tend to substantiate the findings of 
-'ta^agan and ^^'hison. 

in peaks below 10 mg. were reported b}' Althausen ® and by Smith 

r ^ rcedema and b}"^ Beams in various deficienc}’’ diseases. 

insure the logical use of an)- laborator)- test, the physician must be well 
, ---d coi ■ ' ‘ 

of tliat test. 


of concerning factors which ma)- complicate the interpretation of tlie results 

p ^ost. Althausen believed that onh' advanced hepatic insufficiencj- 'and 
ygo s disease would interfere with the use of the galactose test for the diagnosis 

!i%Perthyroidism. 


e - described abnormal 


galactose tolerance 


in a greater 


■ The Fundamentals of Internal 3kledicine, New York, D. Appleton- 
Co., Inc., 193S, p. 477. 
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variety of disease entities, and onr suirscrjuent experience has confirmed this 
observation. We too observed abnormal galactose tolerance in cases of advanced 
hepatic insufficiency. In all the 11 cases of hepatocellular jaundice investigated 
and in 3 cases of cirrhosis of the liver the tests gave positive results. The peak 
galactose level reached in our 1 case of Paget’s disease was 31.6 mg. The combi- 
nation of hypermetabolism, cardiac decompensation and certain signs suggestive 
of thyrotoxicosis frequently exists and may present a confusing diagnostic problem. 
The blood test for galactose tolerance, in our hands, has proved to be of no value 
in such instances. The following case is cited to illustrate this point : 

L. L., a white man 54 years of age, was observed in ^starch 1940 in decompensation 
secondary to hypertensive cardiovascular disease. He complained of nervousness and hype- 
hidrosis. Mild exophthalmos was present. His basal metabolic rate, on many observations, 
averaged 34 per cent. The peak of blood galactose was 47 mg. per hundred cubic centi- 
meters, and the level of cholesterol in the blood, as determined by Bloor’s test, was 172 mg. 
per hundred cubic centimeters. His basal metabolic rate remained high, and he failed to 
improve after treatment with iodine. In November 1940 the basal metabolic rate was -4-30 
per cent and two galactose tests done seven days apart showed peaks of 45.8 and 80.1 mg. 
In November 1941 the galactose peak was 44 mg. The thyroid gland, obtained at autopsy in 
August 1942, was normal grossh' ^od microscopically. 

Blood galactose tolerance tests revealed depressed tolerance in 13 of 23 patients 
during mild cardiac decompensation ; 4 patients had values in the doubtful zone, 
and 6 had normal values. In 7 of these 23 patients hypermetabolism was also 
present; 4 of the 7 in addition had depressed galactose tolerance. Of 8 patients 
hospitalized for active peptic ulcer, 5 had depressed tolerance to galactose, 1 had a 
value in the doubtful zone and 2 had normal values. In table 3 a great variety of 
heterogeneous disease entities in which various authors found depressed galactose 
tolerance are tabulated. Rosenkrantz, Bruger and Lockhart mentioned Bright s 
disease, infections of the upper respiratory tract, impaired hepatic function, 
malignant disease and therapy with sulfonamide compounds as conditions very 
frequently producing impairment in galactose tolerance. We feel that when in 
cases of suspected hyperthyroidism the presence of hepatic insufficiency, cardiac 
decompensation, Paget’s disease and peptic ulcer can be eliminated and a history 
of ^ a previous thyroidectomy for hyperthyroidism is not obtained the iinpaire 
galactose tolerance is very likely due to thyrotoxicosis. 

We have mentioned the two theories that have been offered to explain the 
mechanism of the test, (1) accelerated intestinal absorption"^ and (2) hepatic 
dysfunction.’^- Althausen short-circuited the gastrointestinal tract by intravenous 
administration of galactose and found normal values in the blood of 10 persons 
with hyperthyroidism who had had high blood values with the oral test. ^ ^ ^ 
retested 5 patients with hyperthyroidism by a technic described by Althausen o’ 
intravenous administration of galactose, but in all 5 cases the galactose values were 
stilly appreciably elevated. As a control 5 intravenous tests were done on 5 nornia 
subjects who on previous testing had shown normal tolerance for orally adminis 
tered galactose. In all 5 subjects values were normal. 

We were unable to find any correlation between the results of the broin 
sulphalein and/or the hippuric acid symthesis test and those of the blood galactos 
tolerance test in 45 patients so studied. Thus of 38 patients in this group wb 
showed depressed tolerance to galactose, 20 had normal hepatic function and 
had abnormal hepatic function as evaluated by these tests. Of the 7 patients wh 
normal galactose tolerance in this group, 3 had normal hepatic function and ’‘T 

23. Althausen, Lockhart and Solcy.s Althanscn and Stockholm.® AUhausen.*® 

24. .'MthaiiNcn. T. L. : Personal communication to the author. 
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ab..orn,nl iunCio,,. Wil.o,,,- .o», xva. uual.lc <0 
bd.ec,. of hepatic h.t.c.io.. a.t.l palactosc tolerance. 

the urine galactose toler.inee test on 13 patients with tl.yrotox-icos.s • 

6 of them (-tr, per eetitl liatl al.tiormal e.xerettnn ot phaelose 

rvlticl, he believed indicated hepatic dysfnnct.o.l .nc.da.t 10 hjrotoMCOsU^ 

Wilson - noted abnormal calaetosuria in .S of his 2-1 hypertllyro.cl patterns (3o 
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per cent) so tested. We simultaneously measured levels of galactose me 
and output of galactose in the urine o! 25 patients with various diseases. or 
of them there was a correlation between the result of the blood test and 
r the urine test (i. e., an elevated blood galactose level with excess galac osun j 
^10 reve aled a lack of correlation. Of the 6 thyroto.xic patients m this group, 

f „ 25. Lichtinan, S. S. : Liver Function in Hj-perthyroidism, with Special Reierence to the 

^«lactose Tolerance Test, Ann. Int. Med. 14:1199-1213 (Tan.) 1941. 
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only 1 was found to have abnormal excretion of galactose (5.43 Gm. in five hours). 
The aforementioned experimental results cannot therefore he interpreted as sup- 
porting unequivocally either theory of the mechanism of the test. 

SUMMARY AND CON'CLUSIOXS 

Three hundred and four cases of thyrotoxicosis in which the blood galactose 
tolerance test was performed have been collected from the literature. Two hun- 
dred and eighty (92.1 per cent) of the tests 3 'ielded positive results. 

The test is useful in excluding the presence of hyperthyroidism in patients 
with hypermetabolism due to causes other than hyperthyroidism. 

The test is unreliable in the diagnosis of hyperthyroidism in patients in whom 
thyroidectomy has previously been required for hyperthyroidism, in patients vith 
decompensated cardiac disease and in patients suffering \vith peptic ulcer, hepatic 
insufficiency or Paget’s disease. 

The fact that the result of the test may be positive in any one of the 
heterogeneous disease entities presented and is rarely negative in the presence 
of hyperthyroidism emphasizes the value of the test in e.xcluding the diagnosis ot 
hyperthyroidism rather than in establishing that diagnosis. 

In instances in which an estimation of the basal metabolic rate cannot be pei- 
formed, the blood galactose test may be substituted. 

The mechanism of the altered galactose tolerance in hj'perthyroidism does 
not appear to have been definitely established. Therefore we believe that Ro^^es 
contention that galactose tolerance depends on a multiplicity of complex factors 
influencing galactose metabolism is the most fruitful concept thus far advanced 
in the interpretation of the test. 

Miss Dorothy Bunting, record room librarian of the Mt. Sinai Hospital, cooperated m 
the preparation of this paper, and Miss Violet Fames gave technical assistance. 

Fifth and Reed Streets. 
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ni!. I(oi!i;kt u. osgood 

llie people of the United States arc under jireat oi)!igation to tliat small north- 
eastern corner of tiic conntry wln'ch is called Xew England. The men and institu- 
tions of New England have Iiad an immeasurable influence on thought and progress 
tn this land. In the field of medical education the contributions have been large. 
^ the more recent past, continuing this New England tradition, Dr. Robert Bayley 
Osgood played no small part in the teaching of orthopedic surgery and in the train- 
ing of young men for the practice of this hranch of medicine. 

Born in Salem, Mass., of sea-faring forebears, he decided as a youth to become 
^physician. After graduating from .Amherst College in 1895, he entered the 
Harrard Aledical School and received his doctorate in medicine in 1899. Good 
lortune led him to become a student house officer at the House of the Good 
amariten, where the treatment of the patients was largely orthopedic in nature, 
ere his skill and enthusiasm commended him to the visiting surgeons, particularly 
to Dr. Joel E. Goldthwait. 

In 1899, after graduating from the Harvard Medical School and completing a 
surgical internship at the Massachusetts General Hospital, he became associated 
"ith Dr. Joel E. Goldthwait and Dr. Charles F. Painter in the relatively new spe- 
cialty of orthopedic surger)-. He became interested at this time in the recently 
discovered roentgen rays and. with Dr. Walter J. Dodd, studied their practical 
application to diseases of the bones and joints. He became assistant to the 
orthopedic clinic of the Carney Hospital and also to the Children’s Hospital, 
in Boston. At the latter institution he served as roentgenologist until the pressure 
ot his increasing practice forced him to relinquish this work. 

M hen an orthopedic seiwice was begun at the Alassachusetts General Hospital, 

^ resigned his other hospital appointments- and became a visiting orthopedic 
surgeon at this clinic. Here, with his appointment as instructor in orthopedic 
surgery in the Harvard Medical School in 1913, came his first opportunity for 
ac ing. During this period a large number of his contributions to medical 
irere made. In 1903 he reported observ^ations on a lesion of the epiph}'sis 
he tubercle, which has since come to bear his name. With Dr. Goldthwait 

of pelvic articulations and demonstrated tlieir relationship to disabilities 

siK* ^ Bie back. Papers were published b}' him on such diverse 

an ^ ® loot strain (in connection with which he described an ingenious 

dera^w'^'^^ measuring the strength of the supporting muscles of the feet), internal 
knee joint, scoliosis, arthritis, the mobilization of stiffened 
the transmission of the virus of poliomyelitis. 
iQj. . ^1*0 entrj' of the United States into World War I, Dr. Osgood volunteered 
the IT commissioned as major in tire hledical Corps of the Army of 

^ uotabl States and was called into active seiwice in Ma\' 1917. He played 
Arsigj.- ^ organization of orthopedic seiwices for the care of wounded 

No. 5 France, where he was for a time assigned to Base Hospital 

ransferred to the Aledical "War Office in London, he assisted Sir Robert 
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Jones in tlic cstai)iishnient of orlhoj)efHc lu)s))i(als in ( ireal. llrilain. He was 
detailed to llic lica<l{iuarters of Medical and Snrt,dcal Consultants at Ncufchatcaii. 
then to the Office of the Chief Surj^con of the A. 1C 1''. at ’fours. Later he served 
as orthopedic consultant to the Surgeon General’s Office in Washington. Hi.s 
ctTorls here contributed greatly to improved splinting and trans])ortation of the 
wounded. At the close of the war he was promoted to the rank of colonel in the 
Medical Reserve C'oips. 

On his return to civil life he was elected chief of the orthopedic service at the 
Ma.s.sachusclts (ieneral Ifo.spital in 1919. Here hi.s unusual ability as organizer 
and head of a clinic were shown, 'fhe orthopedic service of the 'Massachusetts 
CLneral llos))ital under his leadership became an important center for both under- 
graduate :ind })o.stgraduate teaching in orthopedic surgery. In 1922 he hccanic 
professor of orthopedic surgery in the J-farvard Medical School and chief of the 
orthopedic service of the Children’s Hospital in Boston. In 1924 he was made 
John B. and Buckminster Brown professor of orthopedic surgery. It was in tlie 
period between 1922 and 19.10 that he, with Dr. Nathaniel Allison, organized a 
postgraduate teaching service for orthopedic surgery in Boston which hccanie 
internationally famous and which attracted students from all parts of Noiili 
America. 


In 1930 he resigned hi.s profe.s.sor.ship and hecame profcs.sor emeritus. .Since 
giving up his teaching and hospital po.sitions he has been no less active in striving 
to raise the standard of orthopedic practice and to improve medical care in general. 
As a member of the I’hysician’s Committee on Medical Care he struggled against 
outmoded and unethical medical practices under a storm of official disapproval am 
saw the eventual adoption (Df a newer and fairer policy. As a member of tne 
American Committee on Rheumatism he hci])cd to organize and develop the 
American Rheumatism Association. His .services have been often sought as a 
lecturer and his counsel welcomed on the boards of many civil and mcdica! 
organizations. He is chairman of the Advisory Board of Orthopedic .Surgeons 
to the Trustees of the Shriner’s Ho.spitals for Crippled Children and a inciuiiei 
of the Advisory Committee of the Services for Crippled Children of the Children s 
Bureau in Washington. 

The eminent position which he has attained in medicine is attested !)}' t ' 
many important honors which have come to him. He was prc.sident ol 1 1 
American Orthopedic Association in 1920-1921, jiresidcnt of the New luiglain 
Surgic.al Society in 1928-1929 and president of tiie American Rheumatism Asso 
ciation in 19-12-19d3. Amiicrst College conferred on him the degree of Doctoi o 
Science, honoris causa, in 1935. He has been elected an honorary nicinbci 
the British, Italian, Scandinavian and Australian orthopedic associations anc o 
tlie Royal Society of Medicine. He is a corresponding member of the Bcigia 
Orthojiacdic Association. , 

We wiio have been his j>u]>ils and associates remember him Iicst as a gi^ 
teacher. He is known in medical councils as an able executive and a wise coiinsc 
In medical research his part h.as been chiefly that of giving helpful 
encouragement, seeking no credit for himself. A man of sound .scholar.slnp, 
in voice and jam. of the highest ideai.s bntii for his personal life and Iiis 
generous to a fault, spc.aking evil of no man, he has wielded and conliiuics to \vi - 
a great inlluence for good on the practice of orlhojicfiic surgery in America. 

T n R. 



SURGICAL AITKOACMES TO THE EPIPHYSIAL 
CARTILAGES OF THE KNElv AXD 
AXKLI-: JOINTS 

Lt:KOV C. ADHOTT, M.D. 

AND 

GLRALD G. GILL, M.D. 

SAN rr A NCI. SCO 

Excision of an cpiphvsial cartilaijc for the arrc.stinij of ijrowtli is not a new 
surgical procedure. .As" earlv as 1873. such an operation was performed by 
Ollier^ for the correction of d'cforniitie.s caused by unequal rates of growth in the 
bones of the forearm and the leg. He did not, however, advocate this procedure 
for the equalization of length of the leg. 

In 1933, Phemister ■ puhlislied his paper on “Operative .Arrestment of Longi- 
tudinal Growth of Bones in the Treatment of Deformities, in which he emphasized 
•the value of this operation on the lower femoral and upper tibial epiphysial cartilages 
in treating unequal- length of legs in growing children. Many surgeons, ourselves 
included, have adopted the method of Phemister because of its simplicity and because 
it is a generally applicable procedure for children during the period of growth. 
In performing the operation, however, we have not found the straight incisions 
used by Phemister entirclv satisfactoiw' for the purpose of adequate e.xposure ot 
these epiphysial cartilages.' With this 'in mind, we have carried out special dissec- 
tions in the anatomic laboratories which have resulted in the development of sur- 
gical approaches giving adequate exposure. The purpose of this article is to 
describe and illustrate these approaches. In addition, a description of the surgica 
approaches to the epiphyses of the lower ends of the tibia and fibula have been 
included because the}- contribute a certain amount of growth to these two bones. 

EXPOSURE OF THE LOWER FEilORAL AXD UPPER TIBIAL 
EPIPHYSIAL CARTILAGES 

The knee is held by sand bags in about 30 degrees of flexion, since this position relaxes 
the hamstring muscles and the bony landmarks can be readily palpated. If the low« femorm 
fnd the upper tibial epiphysis are to be fused at one operation, they are ex^sed through 
ong, curved incisions over the internal and the external aspect of the knee joint If either 
the lower femoral or the upper tibial epiphysis is to be fused alone, then the upper or lower 
®'es respectively of the incisions are employed (fig. 1 o and 1 b). 

Lateral Aspect of the Knee Joint . — The landmarks and important anatomic 
structures on the outer aspect of the joint are: (1) the lateral condyle of the femur, 
(2) the head of the fibula ; (3) the tractus iliotibialis ; (4) the lateral intermuscular 
septum; (5) the tendon of the biceps femoris muscle and (6) the common peroneal 
nen-e. 

. From the Division of Surgery, Department of Orthopaedic Surgen-, Universitj- of Cali- 
lornia Medical School. 

work was supported bv the Florence Heilman Ehrman Fund for Orthopaedic Children 
Christine Breon Fund for Medical Research. 

h Ollier, L.: Traite des resections et des operations conser^'atrices, qu’on peut pratiquer 
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It Iks tusVSe Ac head 

the tractiis iUntiK^^l;c 4. -a • * . lii)iil,i. Over tins prominence 

tuberosity of the tibia and into the Sl'oTthrr.hllh c 'rT'” 1 T r"“' 

StLtllatorThlf f i" Wtlr^tcdT; 

lateral condyle of the 

vessels after nassinp- henent^ tl ligament lie the inferior lateral genicular 

neSs Between the plantans muscle and the lateral head of the gastroc- 

c on o the biceps muscle iiostcriorly and the tractus ilio- 



side of the leg ; b, the lateral^side ^of**the *leg'*^*''**°^ "various approaches : a, the medial 


j\-^atue> 

In^GfeiUtt \ 
rW\S.^T*_l*— , \ 


Supo-niors gonieulap 



I } * *^<iepa 


Cornmori poyor^aal • . 

po^'leT'iop-ly. i 


and upper tibial and lateral aspect of the knee for fusion of the lower femoral 

cartilage plates at one operation. 


internuisrulTrseptum'^'^Tli'^ ^^^t, in which is located the lateral 

alon" the mcfli-il d i r peroneal nerve passes distally and laterally 

the tendon of the 1 ' ^ ° r b'ceps tendon. Below, it follows the interval between 
Fimllv it turtle muscle and the lateral head of the gastrocnemius- 

par. Jlrirc 

tr™ to'.' WoliWai'""” hawcM fcps'irdon 'and tlK 

■ractus .l,o„l„ahs. It curccs dotvn.vard and Irackvvard to the head of the fih»l» 




AruuriT-uuj. r.ririirM.n. CAia !i..u;ns or joists 
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Jiiid tlicii i^cntly forward on tiic launai Mtrfarc of liie tipprr jiart of tlic til)ia (her. If>). 
The lateral intcnnii?cnlar .•'t'l'tnni i,'- expovod in tin: npi)er part of tiie woniul and 
traced to its attachment t<i tiie linea aspera ; tin's frees some of the I'iIkts of origin 
of tlie vastus lateralis from its anterior stirface ( hg. 2 ). The muscle is retracted 
fonvard to expose the lateral suitaee of the femur and its junction witli the lateral 
condyle. This junction marks the site of the epiphysial cartilage (tigs. 3 and 4). 
Immediately helow. the capsule of the knee joint should he identified. The superior 
lateral genicular vessels appear directly on the hone, passing forward after piercing 
the septum, and are distrihuted to tlio fibers of the vastus lateralis. For good 



4. Detail of the approach to the cartilage plate at the lateral portion of the dbtal 
femur after the periosteum has been elevated. The removal of a thin flake or bone 
means of a sharp chisel will expose the cartilage plate. 


_^posure of the epiph 3 'sial line, they may require ligation. The periosteum i= 
^tcised verticalljg and a thin section of bone from the outer cortex is remo\ ed n ith 
n osteotome directly over the epiplij'sial line. The periosteum is then separated 
Werally, and a rectangular block of "bone 2 cm. long and 1 cm. wide is removed, 
ctersed and reinserted. Before this block of bone is replaced, however, the 
^fti age epiphysial line is removed with a curet to the depth of 1 cm. o\ er 

^ 3rge a portibn of the lateral circumference of the femur as can be reached, 
^^msequently, small shavings of bone are packed into the defect left in the cartilage 
^^ter which the rectangular block of bone is replaced (fig- 5)- 
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The exposure of tlic upper fibular and lihial cpijdiysial cartilage is rendered 
safe by dissection of the common peroneal nerve. 'J'his structure is found by 
incision of the deep fascia directly posterior and internal to the tendon of the biceps 
muscle. From here it can he traced downward, freed at the neck of the fibula and 
retracted posteriorly (fig. 2). An incision over the upper and medial portions 
of the head of the fibula readily e.xposes its epiphysial cartilage ; this is completely 
excised with an osteotome and the cavity then filled with thin shavings of bone. 
The cartilage plate of the tibia is revealed by downward reflection with a periosteal 
elevator of the upper fibers of origin of the e.xtensor muscles from the arcuate 
line. The line of cartilage is shown by the removal of a thin section of bone to 
^ inch (1.3 to 1.9 cm.) below the margin of the joint. It is fused by the rectangular 
block method previously described. 

Medial Aspect of the Knee Joint . — The anatomic structures with which we are 
concerned on the inner aspect of the joint are: (1) the adductor tubercle of the 
femur; (2) the medial intermuscular septum; (3) the inner hamstring muscles. 



Fi„. 5. Diagram illustrating the details of the operative fusion of the epiphysial caitilages 
about the knee (drawn from Phemisters). 

The adductor tubercle ifiarks the junction of the epiphysis and diaphysis on 
the inner surface of the lower end of the femur. Into this prominent part of the 
l)one the tendon of the adductor magnus muscle is inserted, and from it arises 
the superficial portion of tlie tibial collateral ligament. In addition, the joint capsule 
crosses the epiphysial cartilage at this level with the reflection of the synovia 
membrane just beneath it. Immediately proximal to the attachment of the joint 
capsule, the superior internal genicular vessels lie close to the bone, passing forwarc 
tiom the popliteal artery beneath the tendon of the adductor magnus. 

T. he medial intermuscular septum is a much thinner membrane than the latera 
intermuscular septum. It passes posteriorl}’^ from the general fascial envelope o 
Its attachment with the linea aspera. This structure separates the adductor magnus 
muscle, behind, from the vastus medialis, in front, and it is in the interval betw-eei 
the.-e two muscles that the epiphysial cartilage is readily exposed (fig- 6)- 
sartnrius, gracilis and semitendinosus muscles pass over the tibial collateral ic,*' 
mem ill the order named and from before backward to achieve insertion m 
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CARTH.AiiES Oi- JOJXT> 


ihc upper, inner mui.'u'c n; Uu' tilmi. ’1 lie inii.Tp.Ttellar hr.ineh nf tlic japhenous 
‘icr\e pierces the tciuinn <•! tlie sartiiriu'- nniscir. and turns forward to lie about 
; nidi (1.9 cm.) lielnw tlu- ut'j'er margin <ii tlie tibia, llere. tlii.< iirancli can be 
rolled bencatli the finpers. 

An incision 5 inclic'; ( 1.5 cm. i in length i-; mat!<' witii its center ajipro.ximatelv 
the level ot the adductor tuliercle. In its tijiper part it passes o\'er the inner 
sunace of the internal condyle nf the femur, au<i in the lower part it curves gcntlv 
^n\ard to follow the anterior margin of the tcndoin of the sartorius ( figs. I and 6 ). 

> incision of the deep fascia the anterior surface of the internal intermuscular 
^eptuni is identilicd and traced to its attacliment to the iinea aspera. The vastus 
medialis, after sejiaration o; a tew libers of origin from the septum, is retracted 
anteriorly. c.\posing an interv.al the door of which is the internal surface of the 
‘CiTiur and its junction v.dth the flare of the adductor tubercle (fig. 6). The 
nnicnor and the posterior wall of this space arc formed respectively by the vastus 
medialis muscle and the tendinous jiortion of the adductor magnus. In the distal 



and^itn).^ .Combined approach to the medial aspect of the knee for fusion of the lower femoral 


PPer tibial cartilage plates at one operation. 


epiphysial cartilage, overlapped by the attachment 
The^^ and the reflected synovial membrane of the knee joint (fig. 6). 

genicular vessels are ligated, and a vertical incision is made tlirough the 
the downward toward the epiphysial cartilage plate. The periosteum with 

pj.j nf joint capsule is pushed downward and laterally to expose the epi- 

Fusio "Fhis exposure is facilitated by raising a portion of cortical bone, 

n IS carried out in the manner previously outlined. 

upper tibial epiphysis is now exposed by incising the deep fascia along the 
™^rgin of the sartorius tendon. The infrapatellar branch of the saphenous 
mar ■ fnmvard and need not be exposed. In the depth of tlie wound the anterior 
epj , ff*e tibial collateral ligament is found and retracted backward. The 
(f ^^rtilage is located directly in front of this ligament and to ^4^ inch 

° cm.) below the upper margin of the tibia. It is exposed and fused in 
visual manner. 
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EXPOSURE OF THE EPIPHYSIAL CARTILAGES OF THE LOWER 
ENDS OF THE TIBIA AND FIBULA 

For exposure of tlie epipliysial cartilages of the lower eiul of the filniia and 
the lateral aspects of the lower end of the tibia, an outward incision is made at 
the tip of the fibula and extended upward along the anterior margin of tin’s bone 
for a distance of 254 inches (6.4 cm.) (fig. l b). The anterior ligament of the 



approach to the lateral portion of the epiphysial cartilage of the lower end 
of the tibia and the epiphysial cartilage of the lower end of the fibula. 



^'8^- approach to the medial aspect of the epiphysial cartilage of the low 


.’er end 


of the tibia. 


lateral malleolus is identified and the deep fascia incised upward for 
inches (3.9 cm.) above its upper margin. .The peroneus tertius muscle is 
retracted forward from its origin in the lower part of the fibula and the a F 
portion of the interosseous membrane (fig. 7). The perforating branches ot 
jicroneal artery are seen lying on the interosseous membrane and ma}' be ci 
retracted or ligated as conditions warrant. From just above the attachmen 
tlie joint capsule, a vertical incision is made over the epiphysial cartilage ot 
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tiltin. which in tl)is hH.-;ui<in i>- .•ihniit ’ .> iiicii ( U cm.) alxivc the martiiii of tlic 
ankle joint. 'J’lic jK'rio<tetnn i.'- nllccted laterally while the epipliy.^ial cartilage 
is c.xiwved and hi>cd. .\hont ■ inch above the tip of the fibnla. the epiphysial 
cartilage of thi,< hone i.*- e,\po>ed and completely excised. '1 he defect is then filled 
'vith hone chips. 

On the medial nsj^-ct of the tibia, the skin incision, about 2 inches (.5 cm.) 
'll length, is made along the piisterior margin ai the tibia and internal malleolus 
'%• 1). The sajiheiions vein lies anteriorly to this incision, while the flattened 
tendon of the tibialis posticus nniscle forms a groove on the posterior jiart of the 
medial malleolus (fig. S'). The. epiphysial cartilage lies about -M to 1 inch (1.9 to 
2.5 cm.) above the tip of the meili.al malleolus. It is brought into view by the 
elevation of the periosteum .and the rem<->val of a thin haver of bone. Care should 
be taken to curet the ejiijihysial cartilage well <lown over the jiosterior aspect of 
die tibia. 

All of the wounds are closed bv appro.ximation of the deep fascia and the skin 
'vith interrupted silk sutures. Dressings are .applied, aiul immobiliiiation by splints 

plaster is not nece.s.saria 

CO.NCMSIO.N'.S 

Surgical approaches t(.> the epiphysial cartilages of the lower end of the femur 
and the upper and lower ends of the tibia and fibula are described in this paper. 

e have found that these a])proaches give adetjuate e.xposure for fusion of the 
cartilages and also permit due regard for the preservation of anatomic structures. 

Dr. John Saunders. Professor of .Anntoiny. University of C.alifoniia. provided the facilities 
Or the anatomic dissections. 

ill Street, San Francisco. 

16_4 Franklin Street, Oakland, Calif. 
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1909 only 270 cascf ^P 1' 

forward or anterior type of coimdotr j"l ^ wore of tin 

dislocation of the knee was olicn, i K'Oer - reported tiiat compieh 

Reconstruction Hospital in New Yorh °r ^ ^ admitted to tlic 

General Hospital onlv 1 nn.- • /’ stated that at the Cincinnati 

encountered in a period of dislocation of the knee had been 

t'on, 1 anterior and lateral disln I’ad posterior and lateral disloca- 

(0 medial, (d) lateral and ^^WoTrv anterior, (b) posterior, 

>” 'vhich the tibia is displaced on the feltntn 

location of the the lateral and cruciate ligaments in clis- 

ihe tear. ^ moie complete the dislocation, the more complete is 

.p. COMPr^ICATIONS 

R'g. A case has hl-en rcporml^hv ^suiting in gangrene and loss of the 

artery and vein, rcsultinp- ii ^ which there was a rupture of the popliteal 

miners who were cauaht / '’‘‘"b’onc. Robbins quoted Herring's experience of 6 
amputation was ncccs.tirv h ^ ^ foi’ward dislocation, and in 2 cases 

vessels. IJc also quoted I-TnrrZ?^ ^ pigrcnc following injury of the popliteal 
posterior dislocation it was , ^ scries of 27 cases of 

vessels. Ferguson and AIIcn^"«^r!^Z T '1^ ^2 amputations because of injury to blood 
libial artery ncccssitniorl 1,1 , . ‘ ^ ’o which thrombosis of the posterior 

4 in .rpSo ‘ T r ■■"j"''- 

following dislocation. ° ^ oases is another example of injury to the vessels 

case of antcrk!rdiXl-IaJ^ reported by several autliors. Mitchell " reported 
eomplolc. In a case of throi P^malysis, in which recovery was not 

•'ind Allen a complete diviefn posterior tibial vessel reported by Ferguson 

— no 1 1 C common peroneal nerve was shown. Paltcr- 

1- Kobhiiis, F, R.. Fonv.ira D;.i .■ 

2. Ritter, n. H.; Disloc-um Ivncc, Ann. Surg. 95:306 (Feb.) 1932. 

iirp-. J‘i:39]-394 (April) 1932 ^ ^ ^^icc Joint, witli Report of a Case, J. Bone & Joint 

, ■'^'ndcr.son, R. L.;' ,• I'fnec, 1 r. West. S. A., December 1915, p. 81. 

'■cin; Report of C.-tse, VirKimS '\r'\ ^vnee wifb Rnptnrc of the Popliteal Artery nii'l 
, . Ferguson, J. A SZle 7 ' ®® = ^20-J23 (May) 1931. 

lb vision of tlic Common’ PerorieilL ' Medial Dislocation of tlie Knee Joint wid' 

Milcliell, J. I.; J;iM, , cation * Jo'»t Surg. 21:1012-1014 (Oct.) 1939. 

J-:04n.6t6 (July) 1930. 'die knee: Report of Four Cases, J. Bone & Joint Surg- 
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toil rc]vi;-t<’d .1 c.tm' in v.liich ihcir wa'- iniM ic!'i<]ti:il foM; drnji I'uIIiiw inq^ dislocation 
of tlic knee. 

Case I in the present series ilinstrales nnotiier cnni]i!ii'atii'n, i. e.. tlie necessity 
01 open reduction, wliicli may occur infre(|uently. leuppanncr' quoted Pa^cn- 
stcclicr 5 review of S cases in t!ie literature in wliicli an operation was necessary 
tor reduction. Ivtippanncr al'-o reported a case in v.diicli a tiiiia in incomplete 
posterior and lateral dislocati('n was replaced hy open reduction. 

A frequent coinjdication is one or more concomitant fracture."., such as a fracture 
ot the tihial sjdne nr of tlic head of the tiiuila. and these usunll\- recjuirc no special 

treatment. 

Tlie treatment consists of qeiitle reduction, usually hy traction and pressure 
3nd countcrprcssurc on the tiitia and the femur with the patient under general 
Mesthesia. It is agreed by all that after reduction a plaster cylinder should be used, 
there is some disagreement as to the length of time fluring which the complete 
p aster cylinder should l>e used. There is no general agreement as to how long 
Vn should be protected otherwise. Key and Conwell and also Conwell and 
- lldredge have advocated the use of a plaster cast for at least eight to twelve weeks. 

ns IS followed, if necessary, by a knee cage, Ritter reported a case, however, in 
"hich the cast was worn for only ten days, and then a walking caliper was applied. 
" 'ch was worn for five months, with a good result. Longeway and Richardson " 
reported a case in which the cast was removed after fifteen days and a posterior splint 
applied, and later a hinged splint. Huber, Yaffe and Podlasky and Wilson, Michele 
^nd Jacobson cited cases in which there was a shorter time of immobilization with 
good results. Weigel reported a case of anterior dislocation in which the knee 
''as immobilized for five weeks. After two weeks the cast was bivalved for baking 
and massage. The patient began to bear weight after si.K weeks, and after eight 
"^eeks he was walking without crutches or cane. There was complete stabilit}- after 
^ ree months. Weigel expressed the opinion that the result was due to good 
rouscular development with exercises. Platt,'= on the other hand, reported a case 
'n Mbich the cast M-as worn for four months. 

authors feel that conservative treatment should be used first. AVilson, 
and Jacobson stated that no operative treatment for the repair of ligaments 
stiould be used for at least two years. On the other hand. Hey Groves “ recom- 
mended operative treatment for repair of the ligaments. There is no question about 
jj ^ tearing of the ligaments. The onh' question involved is whether or not the 
Jg aments w ill heal sufficiently with protective treatment to function adequately. 

f'^tterson, R. H. : Anterior Dislocation of tlie Knee Joint, Ann. Surg. 99:o21 (yiarch) 
f rc" ^“PPanner, E. : Zur Kenntnis der irreponiblen Kniegelenksluxationen, Deutsche Ztschr. 

Ch>r. 83:554, 1906. 

C V ' J- A., and Conwell H. E. : Fractures, Dislocations and Sprains, ed. 2, St Louis. 

Disln Company, 1937, p. 1024. (b) Conwell, H. E., and Alldredge, R. H.: Complete 

Ok,. of the Knee Joint : A Report of Seven Cases with End-Results, Surg., Graec. & 

'Jbst 64:94-101 (Jan.) 1937. 

A. F., and Richardson, R. B.: Report of a Case of Complete Traumatic 
Without Compounding, Journal-Lancet 51:120-122 (Feb.) 1931. 
Toim' H. H.; Yaffe, A., and Podlasky, H. B.: Traumatic Dislocation of the Knee 

11 ® Radiologj- 7:431-435 (Nov.) 1926. 

Joint ’ a ^‘lichele, A. A., and Jacobson, E. W.: Complete Dislocation of the Knee 

17 52:77-81 (April) 1941. 

.^^'Scl, E. W. : Complete Dislocation of Knee, Am. J. Surg. 9:140-141 (July) 19 j0. 
192 Q H. : Traumatic Dislocation of the Knee Joint, Brit. J. Surg. 8:190-192 (Oct.) 

Hey Groves, cited by Huber, Yaffe and Podlasky.^® 
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KF.roKT f)r cAsr.s 

Cash 1. — A white man 52 years of age sustained an injury to liis right knee on Jan. 7, 19-12 
wlien he was struck on a railroad trestle and knocked to the ground about 30 feet (9 meters) 
below. He was brought immediately to the McMillan Hospital in Charleston, where he com- 
plained chiefly of pain in the right knee. 

Examination revealed that the tibia was displaced laterally on the femur (fig. 1 A). On the 
medial aspect of the knee over the medial condyle of the femur the skin was drawn taut and 
was at fipt cyanotic and later blanched. Just below this point there was a distinct dimple 
in the skin, corresponding to the line of the joint. Roentgen examination showed incomplete 



- roentgen films taken before reduction of incomplete lateral dislocatioi 

01 the tibia on the right femur. B, after reduction. 


ir'rM/ . With the patient under general anesthesia, an effort "’ryj 
j re luce this deformity by manipulation both by my associate and by me, but it was unsucccs • 
W e believed that this deformity had to be reduced promptly, as the circulation of the 
over the medial condyle of the tibia was poor i i 

Open reduction was performed. A 2/, inch (6.5 cm.) incision was made 

riion ■ Tn * I ^”’^11 incision was made in the capsule of the joint, and 

portion ot the capsu e on the medial side was found tucked under the femoral condyle. J d 
vas released w.di little difficulty by means of a Kellv clamp, and reduction was immcd.at 
.md complete. This was confirmed by subsequent roentgen examination. The capsule an 
tl’.e -km were resutured, and a plaster cast was applied. 
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iiitcrrml lateral 
.•.howii gradual 
‘bowing sliebt 


Com■aU■^ecure ^vav tuuneutiul, a.td on ibe i^rntN-f.rM day alter bis admission to tbc bospital 
thejeitient left, weatim: a plastor ea't. T«<> ntontbs later tbe cast was l.ivalved and cxcrci'cs 
were l>eci:n tor tbe <tua.lnVci>s muselc grout., tbc anterior portion oi tbe east being removed. 
Two .and one-bnli niontbs atteruaid a binged e.ast '.\as aj.plied. 

I'inir months alter tbe injury be still bad considerable relaxation of tbc 
ligament. .X new binged east was ;i;ij>lied. .‘^ubsei|iient examinations ba\c 
decrease in tbis relaxation, and tbe j.atient now walb' witbont .any sn[ii.ort. 
relaxation in tbe internal lateral ligament and gi«Kl motion in flexion. 

C.\SK 2.-.\ Xegro woman ye.irs of age sli,,,.cd and tell on Sept. I-'"'- twisting Iwr 
knee, wliilc passim: from i'JH' t«» another in Iier work a*' a maul. icn s ic \\as i 

seen, this woman of |M*muis 0)3.? Kp.i ua^ him: in a corner near the door. Mic was 
placed on a siretcber with diftienltv anil taben imnndiately to tbe l.ltarlcston Oencrnl lo.spi . . 

Examination sbowetl tlie right tibia to be .lisplaeed anteriorly and medially. There was 
marked swelling of the knee. The eirenlation and tbe nerve' were intnet. 

Roentgen e.xamination .'bowed eomi-letc anterior and ineomplete medial dislocation oi tlie 
right knee. There was also a iraetnre of the head of the right libul.a. 

^Vith the patient under general ane'tbesia. the disl.Hrntion wa.' reduced by manipulation 
without difficulty. The postreduetion roentgen film showed complete reduction. 

The liganientou.s relaxation was e.xlrtme. and the plastic cylinder was api'liet witi unu.ua 
care to prevent redislocation. ■ . i ■ t .,i 

She left the hospital on tbe following day. The circulation was gcKx . ^ ic remainc 

lor two weeks and then began to move al>out on crutches. 

Eight weeks hater there was marked evidence of relaxation of the 
and there was still some relaxation of tbe anterior and posterior ligaments. Light weeks aitc 
the injury the cast was bivalved. and measurements were taken for a long leg b . . . ■ 

later the brace was fitted, and motion was begun in tbc knee. 'non i. ‘ . . ^ 

she began to bear wciglit. Six months after the injury she still .iate 

lateral ligaments, cspcciallv the external latcr.nl ligament, and some relaxation oi bo b cimciate 
I'gaments. However, this was decreasing steadily. Flexion o. tbe knee ''f 
nnpaired at tbis time. It was believed that she was gaimn.g a ^ 

will probably take another six months, with protection oi tbe knee by a brace, Jor her 
stable knee. 

^ C.esE 3.-A white woman 32 years of age was struck by an comDlaffi’erS’pa”n 

jhe wheel of the automobile was said to have run over her Icit -ne . 

m this knee. Examination on entrance showed complete antcnor Reduction was very 

'emur. Um'ortunatcly, a roentgen film was not taken beiore manipu • , ^ fracture 

tasy by traction and manipulation. The roentgen film token a cr . JufQcatior. There 

O' the tibial spine and one of the head of tbe fibula in addition to le -.pu , nlaster cast 

was considerable swelling, and a metal splint was applied, which was change P 

alter four days. She left the bospital six days after tbc injurj. .rnntJnn of the knee 

^1^ weeks and five davs after tbe accident a hinged cast was app le > ^ weeks later a brace 
"as begun with bearing o'f weight. This cast was not comfortable, and three ueeks 
applie(j 

A little ’over five months after the accident she started ore ° At Tat 

? ‘"ne. Six months after the injum- she avas leaving off the brace more ^ more^ At mat 
‘«ne examination showed'onlv slight relaxation of the anterior f ® o" the 

posterior cruciate ligament, none In the internal lateral bgament and ght rda.xatmn ot 
o^ernal lateral ligament Flexion was present to 100 degrees. The musculature ssas goo 

condition, especially the quadriceps group. ^ ‘ a Hnpc rill of her 

Sbe is still improving steadilv, and an excellent result is anticipated. She does 
owTi housework at this time and has no discomfort of the knee. 

C^sE 4._A white man 76 years of age was injured at noon on June 17, 1^2 ^^^orse 

^cked him and trampled on him. He \vas in the country an ^ shock. The left 

^anawdia Valley Hospital until three hours later. , , j, j^^-er leg was 

^kowed tj-pical complete anterior dislocation of the tibia. nedis artery' was 

""•■‘her the pulse of the posterior tibial nor *at ?°""’'fbirwdtla a frietore 

of roentgen films showed complete anterior is oc Unfortunatelv, these 

‘he bead of the fibula and also marked calcification of the blood vessels, l^ntortu . 

''eitgen films have been misplaced. . ,,-ps anolied. 

eneral anesthesia was induced, and reduction circulation remained 

e Were never able to palpate any pulse m the le eleven davs later, on 

impaired. The whole leg became gangrenous up to the knee, and eleven davs 
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June 2S, n puillotinc in llic lower p.irl o: tlic thiizli. 'I’mction un? 

then npjilicil niter the t:'":i! i)-,rtiir>-!. The pnlliolopic report w.t; ns follows . 

Th.c flisscction perior!tir>l twctity-iojir hours niter nrnpittntion. Tlic left leer was 

anipniritcd nlv.tit 10 cm. nK'ive the hiiee. All the toes nii'i the nnterifir hnlf of th.c f<H)t showed 
hlsckisli (iisco'nrntioti ntid weic dry. The shin of th.c dorsttiit jiedis was hhiish. The stib- 
wtrtifjc.es tissue in the .nre.n on inrision dr.iine<I .n Inrec nnieinnt of brownish fotil-.smellinp fluid. 
Inc sh;n ( 1 ! the lower p.nrt vf the f< oi .'bowed in .‘onic nrc.ns siinilnr ch.mgcs, e.specinlly on the 
Istcrrd side. The in.irgins of the ntnpnt.ntion wound were irrccuhir. On dissection the sub- 
cutnncciis ti.ssuc of tiic whole Ic.c slinwc'! lil.ichfsli re<I discolorntion. .After di.s.scction of the 
tr.uscles the nerves and the bh‘o<l vessels .'ecined to be eniltcdded in blackish hcniorrhacnc tissue. 
Serial scciinns tlirouKh the large bhsxl vessels, includiiu: the popliteal artery and vein, showed 
C-sttensivc throtnlxisi^ comi'letcly obliterating the lumens of both arteries and veins. In the 
popliteal artery the tiironibus shov.e'l a light brown color, 'riiere was an oblique fracture 
capittilum of the fibula, 

Sections from many areas of the pojiliteal and posterior tibial arteries were e.-samined. Tiie 
Wplitcal artery shower! marketl thiekening of its intiina anri cholesterol deposits. In some areas 
she atheromatous content was emptied into the lumen anti was visible within the thrombus. The 



^ 3).— Roentgen film taken after reduction of complete anterior dislocation of 

^ 13. on the left femur, showing" a. fracture of the tibial spine and one of the head of the fibula. 


wlcifi from the distal end of the popliteal arteo' downward, shotved verj- extensive . 

u^^^^'on. The lumens of all arteries and veins were occluded by thrombi, 
and • ^dislocation of the left knee; parUy dry'. Partly moist gangrene of the foot 

arter’ i^ o'^tal third of the lower leg; extensive thrombosis of all arteries and veins; extensire 
rnostly of the ildnckeberg tj-pe.” . r 

fusio ^oiately after the operation the patient began to improve, and with the aid of trans- 
Th^' satisfactory' progress. He left the hospital on Jul}' 22, 1942. 
undoX®^'"P granulated slowly and finally healed in four months. The poor general circulation 
®uly contributed materially to this delay. 


SUMMARY 

cases are reported: (1) incomplete lateral dislocation for which open 
was necessary'; (2) complete anterior and incomplete medial dislocation; 
f'lro anterior "dislocation,- (4) complete anterior dislocation followed by 

osis of the popliteal vessels and gangrene, 
mte 524 Medical Arts Building. 



KNOWING now 'J'O LIVE 


KODNKY F. ATSATT, JvI.D. 

SAN’TA ItAUIIAItA, (.AI.IK, 

.n Osgood is instinctive in all who know him, and 

on mu c to t ns volume is a privilege, for what orthopedic surgeon does not 
owe an everlasting delit of gratitude to this teacher and friend ? 

U Y has heen chosen with care, for “Dr. Bobby," as he 

livhi£? ' ” ' ^ ^ '”0\\n to most of his students, is indeed an e.xpcrt at the fine art of 

^o* 

Wnr'iu 'i worked hard. He was a leading surgeon in 

. • ‘^1, labored unceasingly to build and perfect the orthopedic 

fifteen'' Massachusetts General Hospital and the Children’s Hospital. But 

uoil ^ ''go 1C icgan to exhibit a faculty often seen in men who arc wise as 
ivel! as great— the faculty of relaxation. 

'O' ‘"'C tor while its roots are in the personality, 

dorc'nno'nfm'^ tippnratus, only with practice and studious application 

comivn-tinrn to lock up the troubles of the day within an exit-proof 

sdtiii'nf (1 ^ tiius at the ajipointcd time turn one’s attention to 

Mime of the finer things of life. 

to whom family life has had a strong. 
oK-c of u of his Sunday “open house,” to which house 

difrnhv nf 1 '^^1 ^tisctts General Hospital were frequently invited. The simple 

7'n ■'O'lic icflected a quality which is found in few men of this generation. 

snHi ”i PC'-sons might be taken for indolence, but there is never 

to nvi'l-f to Dr. Osgood. His keenness of mind, his ability 

flniilii- nc his kindly but effective word of command leave no 

slmwn ' in ”^”tal .and physical activity. His interest in old books, so well 
Sitiarfonc . ‘*’P <''t the 1940 American academy of Orthopedic 

I'cfti Inm’ ''PPicciation of art and music — all these things have contributed to 
ni .spnit and healthy in body, and to make him really great, 
lie ? tc measured ity how much money a man makes, how fine a car 

thiiies tii-iv c ^ name appears in the social register, even though sncli 

life Bicsc competitive days. But the man who enjoys 

time for hk 'lf I'm '■'■■ally lives in the broader sense, is the one who taicc.s 

avora'’^e imii and above all for definite relaxation. Hie 

as he''nriv' i ^ haven’t time.” That man is an egoist, for important 

iii'ice fillYfl 1 ' 'I''np out of the mad race without finding h>‘^ 

have alw'ivs Ix'.Mi ^ W'b Hr. Osgood, in all seriousness: ^ o'' 

Put inoie’th-iii II ijgiirc in your chosen field of Orthopedic Surgery, 

wavs, 'rims von' i ’ many minds and hands into tlic riglit path- 

vou have molded and enlightened your siiccc.s.sors. Thus the men 

essentiallv vottrs ideahs, the power and the .spirit which a>'c 

ex.imole of voiir n i g’^'^atest contribution von have made to us all is the 
example of you. blessed .serenity in (he midst of a'trenicndously fnll life. 



muscle TKAXSPLAXTATIOX KOR COMIUXED FLLXIOX- 
IXTI-:RXAL KCVPATIOX DEFORM ITV OF THE 
THIGH IX SPASTIC PARALYSIS 

COMMAX!>1:k .iOSKl'H S. r.AKR (.MC). U.S.X.R. 

Cases of ccrcliral spastic hirtli palsy not infrcfiiiciitly present the ])roI)lein of the 
management of a lle.Ninn-internal rotation defonnily of tlie tliigh. In spite of pro- 
Hngeci training of imtscles. it may he necessary to resort to operative procedures 
m improve muscle halance and relieve the <Iefonnity. In tin's paper I shall describe 
mi Operation used by me for tlie past ten years for the relief of this tyjx; of deformity. 
^ this ojicration the mu.^cles causing the deformity are transj)Osed from their site 
ot origin and attached to a new site on the ilium. In the new position they act as 
ductors. e.xtemal rotators and extensors of the thigli. 

Mt;.SCLM.S I.XVOI.VKII I.X SI’.V.'^TIC I)^;^'OK^t ITV OF TIIF THIGH 

The cerebral lesion of spastic iiirtli palsy is usually sufficiently diffuse to impair 
te function of groups of muscles. A single deformity is not as common as is a 
compound one in which several or all of the muscles about the hip are involved. The 
otormit}- of ficxion-adduction-internal rotation is common. Hie predominant 
c ement may be adduction, it mav be fle.xion. or it may be internal rotation. 

. It the predominant spasticity is that of the adductor group of muscles, satis- 
metory relief may be secured iiv adductor tenotomy and obturator neurectomy. 
t>is spastic deformity of the thigh is indeed the most common and this operative 
the most satisfactory" for its relief. It should be remembered, when 
a puctor tenotomy is proposed, that the adductor magnus muscle is one of the 
Pnnie extensors of the hip.^ Therefore, if its tendon is severed, the power of active 
cx ension of the hip may be seriously impaired. 

nternal rotation unaccompanied by other motion of the hip is produced by 
^traction of the anterior portions of the gluteus medius and minimus muscles. 
^ t e combined movements of internal rotation and Iiip flexion the tensor fasciae 
«ae muscle also is called into action. Clinical observation of cases of cerebral 
palsy in which there is the combined deformity of flexion and internal 
ation leads to the conclusion that spasm of the tensor fasciae latae muscle is 
a dominant factor. 

^ various operations for the relief of internal rotation deformity, the one 

= seems to yield the best results of any yet described. It con- 
in of a portion of the gluteus medius and minimus muscles at their 

the great trochanter and division of the fascia lata at the same level. 
WeaV the general obseiwation that the antagonists of spastic muscles are 

usi normal, the extensors, abductors and external rotators of the thigh are 

cont ■' in power when there is spastic flexion-adduction-intemal rotation 

dangers in tenotomy of the gluteus medius and minimus 
Ini' the relief of internal rotation deformity (as pointed out by Durham) 
has tf power may be weakened. The operation described in this paper 

‘'nd ^Unct of reenforcing the power of abduction, external rotation and extension 
^ I n s ame time diminishing the power of flexion and internal rotation. There- 

W. : Muscle Function, New York, Paul B. Hoeber, 192S. _ 

in Sna,T- A.: .-V Procedure for the Correction of Internal Rotation ot the Thigh 
'*■ I^avalysis, J. Bone & Joint Surg. 20:339 (April) 193S. 
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fore, on theoretic grounds it would appear to be superior to simple tenotomy of 
the overactive muscles. 

SELECTION OF CASES 

If the patient’s chief motor disabilil}' is athetosis, or if he is suffering from a 
progressive degenerative lesion of the central nervous system, the operation is 
contraindicated. Suitable cases arc those in which there is true spastic cerebral 
birth palsy or a static acquired lesion of similar character. The chief elements in 
the deformity should be flexion and internal rotation of the hip. Severe adduction 
deformity should be corrected by tenotomy and obdurator neurectomy. This rnay 
be done at the same time as the transplantation or preliminary to it. The operation 
should be reserA'ed for patients with reasonably good mentality who have the abilit} 
to walk. 

OPERATIVE TECHNIC 

The operation is similar to and was inspired by that originally described by 
Legg ° for weakness of the abductor muscles of the thigh in infantile paralysis, but 



Operative sketch showing tlie approximate amount of muscle transposed and the met 
of securing the free end of the muscle to the ilium. 

differs from it in several essential features. It consists in freeing the tensor 
latac, together with the anterior third of the gluteus raedius and minimus muse e , 
from their iliac origins and reattaching them to the ilium at a point slight y po 
tcrior to the great trochanter (fig.). 

1. \Vith the patient under general or spinal anesthesia and lying on the side 
oi operation or in a hip trough,^ a generous field is prepared. This should ex ^ ^ 

the lower nbs to the knee, including the whole thigh, and from the midline of the 
antcnorly to the mulline of the back. The leg is draped separately, so that ” ‘ 
manipulated during the operation. Severe adductor spasm must be overcome by au 
iCnotomy and/or obturator neurectomy before proceeding with the operation. 

A. T. : Tensor Fascia Femoris Transplantation in Cases of Weakened 
>.fedius. New England J. Med. 209:61 (July 13) 1933. 

Gilt. B.; Personal communication to the author. 
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w. The o;'cr.i!:vc inri'!. n •i! '!ir Mij'- riur vjiitic of the ilium niul curves 

‘Onvara r.lout: the ili.-n- ir< -t t*' the autcri'-r .•■upciinr ‘jiine I rnm that p'.'iiit it is extended 

eo.ynward nt!<l jheh.tly ..utv.an! ..u the anterii'r part nt t!ie tliicli tor .'ih'iut 6 to S indies 

■ *' n° Ctn.). After the inei'ii'H i>. catricil dnwii to the deeji fascia, tlie cutaneous flap 
ts reflected irotn th.c imdrrlviin: teiiso; fa»ciae latae niU'de 

_o. The anterior nine of the trroo; fasciae latae iiiu'clc jv fried distally to tlie [loint at 
wti.di the afccndmi; hrandi of the anterior f<moraI ciicumllex artery enmes into view. 

csuinintt interiorly at the .anterior edee of tlie niU'cle. the operator frees its under surface. 
Krnrng th.c dissection from helow i:invar>i. 1‘teeini; tin- posterior inarRin of the muscle is 
'' atterniitcd. tlure is dancer of damai.'in;; its nene and Idood supply. .As 

■c uissection ts canitd aKoe the pjeat trochanter, tlie anterior horder of the pluteu.s 

jtitnmius muscle is del'med. .\ muscle mass ronsistine of the whole of the tensor fasciae 
muscle and the anterior third of the plntsms minimus aud pluteus medius nmsclcs is 
•ryed from its iliac oriuin (I’tp.i. Two or three traetiiin sutures are secured to the free cud 
0! the muscle mass. 

^ The new site for aitadiincut of th.c nuisclc is selected in the follow iiig manner: .As 
holds the leg with the Imre extended and the thich in 20 degree abduction and 
extension hut neutral as regards rotation, the ojicrator irans])oscs the nuisclc mass so 
St It lies in greater jiart posterior to the coronal jilanc of the trochanter and pulls its free 
ss near the iliac crest as its lenutli I'crniits. This point is the site selected for the 
pngin of the muscle. Usually the muscle is too short to reach the iliac crest, but 
scasionally it can he attached there. The bed for insertion of the muscle is prepared as 
shctch (fig.). .A slot Jj inch wide and 116 to 2 inches long (0.6 cm. wide 
slot • ^ '*‘uni. 'J'hc superior margin of the 

I_ 1 ''^'■•^■'cd gently outward after the making of divergent cuts H inch long at the two 

ends of the slot. 

jj •’■ec ends of the silk tmetion sutures arc passed by a curved needle into the 

■ to emerge from drill holes in the outer table of the ilium. The free end of the muscle 

carefully drawn into the slot and the sutures arc tied as the leg is held in the 
'^otrected position. 

fullv "’ot'nd is closed in layers and the leg is immobilized in plaster in tlie abducted. 

' ®''^*®nded and slightly externally rotated position. 

AFTER-CARE 

Assisted motion and gentle physical therapy may be instituted as soon as the 
^'ound is well healed. Full weight bearing is permitted four to sLx weeks after 
e.xtended, abducted and externally rotated thigh may be main- 
med in this position at night for as long as the surgeon deems advisable, but 
onged use of retentive apparatus is usually un^ecessar3^ 


RESULTS 

5 of the patients operated on bj' me over the past ten years has obtained a 

'^‘setory result so far as correction of the flexion-internal rotation deformity 
° additional patients whose cases have already been reported in 
mo j = have also had satisfactor>- results. The effect of the operation is 

of th estimated by comparing preoperative and postoperative motion pictures 

0 patient in the act of walking. Owing to the fact that I am in military sendee, 
nii are not now available, and the exact date of the first operation, the 

fime P^dents operated on and other data cannot be ascertained at the present 
in operation rests on sound theoretic considerations ; it is not difficult and 

it has pelded results superior to those obtained from other methods, 
file ^ • °P'”’ons and assertions contained in this article are the private ones of 
"nter and are not to be construed as official or as reflecting the views of the 
of the Navy.) 

T.. and McDermott, L. J. : Operative Treatment of Cerebral Palsy of 
Fvpe, J. A. M. A. 118:434 (Feb. 7) 1942. 



NOTES ON AN EARLY BONE CYST 


C. B. BENNETT, Y.D. 

BERKELEY, CALIE. 


Solitary bone cysts are common, but serial roentgenograms showing their early 
rate of growth are not numerous, and seem worthy of publication. 

The Institute of Child Welfare of the University of California, in Berkeley, 
has been closely following the development of certain pupils in schools, and among 



Fip. 1. -.-I, roentgetiogram of the tibia tliat later was to show a bone cys , ],ony 
appears entirely normal. B, roentgenogram taken eighteen months later, showing a 
detect near the medial surface of the tibia. C, roentgenogram taken a half year a c 
showing a iKjne cyst in the same location. 

the methods used is the taking of serial roentgenograms of the left knee, 
course of the routine studies the cyst to be reported was discovered, and the 
tute permitted me to use its data. ' 



!U;XXjiT/-~n.iRU- /.’O.V/;' CyST 


mo 


KI I-fiKT «>)■ .\ cam; 

^'''y \%;is n hc.ihhy :ictivc I;i>I wli-i Iind ;-ticccs 5 Uil!y wc.itiicrcd tlic 

U. 1..1 chilflhivi,! din-.-i'-c'-. Hr lj;cl ]:ri<l no t!)njf>r nvxi<!cn:'. niitl no iiijiiry of nny kind to the 

”U:rn<irrn»i«. were taken on May 6 , IPaS. when tlic Iwy 
n.^,' -i' " • ''' J'"'!’ she .'uiierojxi'.tcrior and lateral views inchidcd the desired area of 

‘C tilia and showo! the Ix^u' to i>r entirely normal (ily. ],•/). The second roentgenograms 
''ere taken on N'ow o, I'kOJ. ulicn the hoy was 11. Tltc anteroposterior view did not satis- 
actonlj inehtdc all the desiicxi area, hnt the lateral view did ffig. 1 />). A tiny Iwmy defect 
"■as seen. 1 kj. n(;.\t n-enteenograms \\crc taken a half year later, on May 1^40. In tliese 


Kig-^ '} . 

after that and C, roentgenograms taken six months {A and B) and one year (C) 

*"o and a*l ^Sure 1 C. Three months later the cyst was treated surgicalh-. D, taken 

’alf months after operation, shows appearance of satisfactory healing. 



■ small 


aear the*i^rl°^ ''aref action about 13 by 3 by 3 mm. in size (beginning of a cyst) could be seen 
(fig 1 ^( 7 *^' Surface of the tibia, commencing about 3 cm. distal to the proximal epiphysial 
Ecnogra:^ '• The anteroposterior view included only a portion of this cj'st. Other roent- 
oi the evsf Nov. 1, 1940 and on ilav 2, 1941 showed considerable increase in the size 

On 

'r’lution. "as opened, curetted, swabbed with SO per cent zinc chloride 

Sranis take^ with alcohol and closed. The wound healed promptly. The last roentgeno- 
^ealing (fjj' 3nd one-half months later, on Xovember 4, showed satisfactorj- 
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Laboratory, whkh°mad?Ve* Sowing Hospital 

red «ssue, we^gVng^SourrGm^'in masses of bard and soft 

Microscopic examination; There is marb^H t microscopic study, 

of two distinct types. Some of the soft tisTue^r'' ''®'’^ tissue is 

coimechve tissue, while the rest is comS If T^ u°l "" ^valine 

cells. The other cells are oval or spindle slianed xvtT^ cellular tissue containing many giant 
are not malignant in appearance. The tiss.iS , ‘ ’ endothelial nuclei. They 

brown^ blood pigment is present. ''’ascular, and a considerable amount of 

Diagnosis: Giant cell tumor of bone ..c-- , 

tJigned: David Singman, M.D., Pathologist.” 

rp, . COMMENT 

ihis cyst was located in one nf n. 

■which, according- to Geschirh-tf-r a r- ^ t commonest sites for such lesions, 
of the femur, second, the proximal nnrf tl^c proximal portion 

portion of the tibia. The authors humerus and, third, the proximal 

more than six months’ duration a described the acute bone cyst of not 

its shaft side.” The pre^nt cv^r 'he epiphyseal line on 

tion, but even when ^firsT'disTotered^ obviously in the same general posi- 

epiphysial line. ^ ^ seem to border directly on any 

the rate of growth in volume^of^ho^ insufficient to permit exact determinations of 
under similar routine conditions oup^oo roentgenograms were made 

dimensions of the cyst as shown in i . ^ ^ measuring in millimeters the three 

m May 1940, November 1940 and^-^/r ^ three sets of roentgenograms taken 
not the actual volumes but aonrovi 1941) get figures which would indicate 
latter dates for comparison witli th*^^ ^ ^ relative sizes of the cyst on the two 
dimensions for May 1940 was ahn.^ product of the three 

and that for May 1941 was about 1 i^n'^ember 1940 was about 500 

the cyst increased about 300 ner ' t- i seems to indicate that the volume of 

At no time previous to the ni these two si.x month periods, 

comfort or abnormal feelinp- of have the slightest pain, dis- 

deformity, swelling or other locaT'^^ about the lesion, nor was there any 
due to the fortunate routiup rr,« + discovery of the cyst was entirely 

^ roentgen examinations. 

n^2 Un iversity Avenue. 

1. Geschickter C F r- 

Journal of Cancer, .193l’. °Pe and, M, M.: Tumors of the Bone, New York, American 



DYS^IENORRHEA: THE RESULT OF A 
POSTURAL DEFECT 


LIEUTENANT H. E. BILLIG Jp.. (MC), U.S.N. 


‘‘Menstrual cramps and backache” have persistently played a prominent role 
among the chronic complaints tliat periodically interfere with feminine activities. 
Numerous investigations, in a search for causes and cures, have left a variet}' 
ot theories which have obscured the factors involved.^ B}' the use of funda- 
mental methods of physical diagnosis, accurate!}- applied, certain pertinent factors 
not heretofore generally recognized have been brought to light concerning 

dysmenorrhea. 

th lamination at the time the complaints are present it can be noted 


1. The localization of the pain of “abdominal cramps” is along the t^velfth 
orsal or the first lumbar spinal ncr\-es or both, or along their branches, the 
' ’ninguinal and iIioh 3 -pogastric nen-es, or along all these. Hence the symp- 
toms are^ localized in relation to the peripheral ner\-es in the abdominal ^\-all 
3n not in relation to intrapelvic structures." 

localization of the pain in the back is in relation to tlie region of 
2 t-chrnent of ligamentous skeletal structures, e. g., ligamenta flava. 

. f I’cre is a restriction of the range of excursion in the posterior tilt of the 

for' * j relation to the legs and the spine. If the posterior tilt of tlie pelvis is 
in'^'^tb point of restriction by manipulation, the pain in the back and 

do K abdominal region is exacerbated. The manipulative testing is 

oaf"^ ^ forced adduction in h 3 'perextension of the leg on the pelUs with the 
^^lent lying face down on the table and the pelvis fixed firmh" to the table b}' 
r ^ placed at the level of the tip of the sacrum. The complaints 

cven^tl^ manipulative testing in an}^ otlier phase of the estrus cycle 
relat' woman has never had them at other than a specific time in 

this ^^trstrual flow. The restriction of motion can be determined by 

testing to be ligamentous and not bon}'. Careful test use of 
reduce^^'^ substances reveals that the restriction of the posterior peine tilt is 
a r estrogenic level is raised. This perhaps explains wh}' tlie 

how a't‘ are most frequently present near the onset of menstrual 

A r estrus cycle when the estrogenic level is lowered.® 

reveals illness in question in large series of cases of dysmenorrhea 

number addition to the “menstrual cramps and backache” there are a 

} ° 'concomitant complaints frequently recorded. These include : 

in tliP along the course of branches of tlie sciatic nerve, chiefly 

" P°'tenor tibial region. 

“ht-adaclie”^^ P^i'^ in the occipital region of tlie skull (usual!}- teniied 

■- — ~~ ^nd tlie posterolateral region of tlie neck, sometime.? radiating out to 

1 P 

14} M. : Essential Dysmenorrhea, New England J. ^led. 226:79::-/9'- 

. Hisa\v^ ?■’ Pain and Neuritis, Am. J. Clin. Med. 48:96-99 {ApnO^ I9-b 

G-jinea.p;,^ du'- Corpus Luteum Hormone: Experimental Relaxation of Pei'-ic i-JC.4menLr 

t'hysiol. Zool. 2:59-79 (Jan.) 1929. 
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the shoulders and arms. These complaints can also he cxaccrhatccl in testing by 
placing a manipulative tension on the ligamentous structures, past and through 
which the nerves supplying these regions course. 

A postural defect of contracted ligamentous bands restricting the normal range 
of spinal-pelvic-femoral postural excursion is found present. The shortening or 
contracture of the ligaments causes compression of .nerve pathways producing 
irritation of peripheral nerves. This irritation gives rise to painful symptoms in 
the region of the distribution of these nerves and is proposed as tlic mechanics 
involved in producing symptoms of dysmenorrhea. 

Factors predisposing to the development of the postural defect include slumped 
posture in childhood ; poor adult postural habit ; occupational postural habit ; 
slumping due to debilitation after illness; structural bony defects; paresis or 
paralysis; visceral irritations, such as endometriosis or pelvic inflammatory disease; 
endocrine shortcomings ; fascial contracture subsequent to traumatic fascial strain ; 
arthritis; lesions of bones and joints. 

Treatment consists in freeing the nerves of their irritative compression by 
correcting the postural defect. This is done through precise routine ligamentous 
stretching exercises carried out by the patient, which result in progressive, 
accumulative lengthening of the ligaments involved. 

The patient stands with heels and toes together about 18 inches (45 cm.) 
from, and with side to, a wall. The elbow is placed against the wall at shoulder 
level with the forearm and hand resting on the wall. The heel of the opposite 
hand is placed in the hollow on the posterior aspect of the greater trochanter of 
the hip. The shoulders are kept in a line Avith the elbow perpendicular to the 
wall and not allowed to shift forward. The knees are kept completely extended 
and not allowed to flex. The abdominal and gluteal muscles are strongly con- 
ti acted while the hips are shifted slightly forward and in toward the wall, aided 
by piessure on the greater trochanter of the femur from the heel of the band, 
riie objective is to force the extent of sideward and forward shift of the hips 
in toward the wall far enough not only to place a strain on the contracted liga- 
mentous bands but to gain a progressive stretch as well. This accentuates the 
symptoms momentarily at each stretch. The stretchings are done routinely three 
tunes to each side at three periods daily, a total of nine stretchings to each side 
every twenty-four hours. When these stretchings are being taught, the patient 
must return for instruction at two day intervals several times, with weekly obsei- 
A a ions t lereafter, else the stretchings Avill frequently be done incorrectly or incom- 
^ expected benefits AA'ill not be obtained. , , 

/'ia'- stretching, complete lasting relief Avill usually be obtamea 

(1) in mild cases after about one month, (2) in moderately severe cases after 
a out tAA'o months and (3) in severe cases after about three months. An 
occasiona patient Avill need the additional aid of estrogenic therapy. After leie 
has been obtained the patient is advised to continue the stretching exercise siif- 
^ stretched out,” in order to preA'ent recurrence, 

il'.e method has been applied and evaluated in several health services and by 
several observers as folloAvs : 


I ^ V 1 years the stretchings liaA'c been used routinely in the Woniai'S 
.-tuclent Health Service at the University of Southern California, in Los Angelc. . 
um er t le superAision of Prof. Lucile GruciiAvald, assistant supervisor of ph>s>ea 

edlicrifinn fnr T:> / y-N . . ' ^ 


* .. . ' - -- - 4.^.. vjiuenwuia, cissi 

education for woincn. Professor GruenAvald reports: 


tVe Trt'^vrrv eonsclcniiously done these stretchings has obtained complete re ’ ’ 

f"<l are making knowledge of this method available to our cl.v.c 
.'I. iihvvical education teachers. 
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Mr. Tohn C. Burke, a.^.^istant director of the service section ot the 

Lo.^ Angeles City School System, reports on the use ot this method as folio s . 

During the last tlircc months of the past school year, ten 
high schools incorporated your special exercise program m leir o reported 

were 025 girls enrolled, chiefly the severely affected Oi ‘ S^e So™ 
cured or improved. The other 20 per cent were those ryho d.d not icdb^ *e pm=«m 

scheduled or who were indifferent. Our tc.achers are A includin"- them in 

and are encouraged because of the out.standmg rc>u ts o aine . echools.” 

the corrective physical education program of all our junior an sc i - 

For the past two rears the method has been in effect at 
Association Health Center for the Los Angeles City Schools tinder the »«jdance 
of Supt. R. P. Deakers. M.D.. and the chiet sttpen-ising nurse, Mr. Lthel . 
Huston, P.H.X. They report that cooperation of girls under ^ ^ f 

good and that relief of die complaint has been effected m a t lOsC w lo ^ j 

The Twentieth-Centmw- Fox Studios have, for the past year, me^ 

under the supervision of Mrs. Kathleen Ridgeway, who repo » , 

of the complaint in her cases and states that the loss of innumerable work da>. 

due to this complaint have thus been eliminated. T^prrpnmo-p 

Defense industries, faced with the problem of keeping an ejjminate 

oi women workers on the job, have installed the method^ m " o eliminate 
periodic off-dutv davs. Dr. A. C. Dick, medical director Conso idate^^^^^^ 
Corporation, of'San Diego, Calif., arranged for instruction of , 

matrons in the use of the method. Dr. Dick reports tha in 
^vhicli the woman has done the stretchings consecutively tor tort}-fi^e da>. ther 

has been marked relief. 

SUMMARY 

. The postural defect of contracted ligaments giving rise to irritative compression 

oi nerves is proposed as the cause of the_s\-mptoms o ' ' u.. loosenino- 
A practical method of releasing the irritative compression nutlined 

^he ligaments involved through accumulative routine stretching . 

COMMENT 

Although a clinical method of relief from_ dysmenorrhea is at hand.^tiiej^^^^ 
au-aits adequate explanation of the pi'FmoIogic mec mmsm^o^^ phvsiologic-anatomic 
pain along the course of a peripheral nen e. - iKamenta flava or 

mechanism of shortening and len^hening of ligaments fe. 5,.. » 

the iliotibial band) needs explanation. 


EARLY MOBILIZATION OF FRACTURES OF THE 
UPPER END OF THE HUMERUS 

FRANK BROSTROM, M.D. 

NEW ORLEANS 


The following is a brief report of 97 cases of fracture of the upper end of the 
humerus taken from the orthopedic services of the Charity Hospital at New Orleans. 
The plan of treatment followed that of M. K. Lindsay and Carolyn M. Brown : ^ 
P. D. Wilson - and A. C. Schmidt.® 


The fractures were located as follows : surgical neck, 61 ; greater tuberosity, 17 ; 
anatomic neck, 11 ; lesser tuberosity, 2; shaft, 6. (In approximately 50 per cent of 
all cases the fractured bone was comminuted.) 

The methods of reduction required in some of the cases will not be discussed, 
but the fixation and the subsequent treatment to regain motion were carried out in 
accordance with the following methods : 

The fractured extremity is supported by an axillary pad, with the arm fixed to 
the side of the body by a wide bandage encircling the upper arm and the body, 
leaving the elbow free. The wrist is supported by a cuff suspended from the neck. 
When in bed, the patient is placed with the body at approximately an angle of 35 
degrees. It is important that the patient at no time be placed in the horizontal 
position. The physical therapy as carried out by the physical therapy department 
at Charity Hospital is as follows : 

The day after the fracture mild, dry heat is applied to the shoulder, elbow and 
hand without disturbing the bandage. On the fourth day after the application of 
heat the bandage is removed with the patient in a standing poistion. Light effleurage 
of the entire extremity and shoulder is administered to relieve pain and reduce 
swelling, and at the same time the forearm is gradually extended. Following the 
massage, the patient is instructed to flex the trunk, bend the knee on the affected 
side and permit the affected arm to fall forward completely relaxed, so that passive 
abduction and forward flexion are secured. The patient now moves the body ii^ ^ 
circular motion so that passive circumduction of the shoulder occurs. The range o 
motion at first is small and is gradually increased. After five to seven days active 
motion gradually replaces passive motion. Strict supervision of this treatment 
essential and should be carried out by a competent physical therapy technician. At 
the end of the treatment the axillary pad and the body bandage are replaced. Three 
or four weeks later the abduction pad and the bandage are discarded, and the foreaini 
cuff, a week to ten days later. At the end of four weeks all active motion of t ie 
shoulder is encouraged. Treatment is continued daily for two weeks, then three 
times a week for two weeks, twice a week for three weeks and once a week nnti 
satisfactory range of motion has been obtained. The average number of treatments 
required in the series of cases reported was twenty-three. 


of 


1. Lindsay M Iv. and Brown, C. M.: Relaxed Motion in the Early MobiliMf'O" 
l-racuires and D.slocaUons, in Mock, H. E.; Pemberton, R., and Coulter, J. S.: Pr.nc 
and Practice oi Physical Therapy, Hagerstown, Md., W. F. Prior Co., Inc., 1932, 'O'- 
chap, 16, 

P'' Experience in the Management of Fractures and Dislocations, P^” ‘ 
deiphia, J. E. Lippincott Company, 1938. 

3. Schmidt. A. C.; Physiotherapy Rev. 19:65 (March-April) 1939. 
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BROSTRO.V-FRACTURES OF HUMERUS 


5n graded as follows : 0 to 25 cqiilas poor ; 25 to 50 equals 

• r u to /a equals good; /a to 100 equals excellent. 

in I'cstilts obtained have been as- follows; Poor in 6 cases, fair in 17 mod 
excellent in 27 and undetermined in 15. 

lari!? for treatment accounted for a 

of the “poor'' and “undetermined" results. 

tion niethod in my opinion is far superior to the old method of long immobiliza- 

iu elaborate equipment is necessary, patients do not need to remain 

rei;?!'^ comiortable almost from the start of treatment, pain is promptly 

^ ‘^0'”P^'eations. such as stiff joints and traumatic arthritic chano-e= 
‘‘re seldom seen. ® ' 


''■lo9 Pni'tania Street. 


PRONE POSITION FOR EXPOSING THE MEDIAL 
MENISCUS OF THE KNEE JOINT 


MAJOR LEWIS COZEN 

MEDICAI, COUPS, ARMY OF THE UXITF.n STATES 


Numerous types ol incision have heen clcscrilied in the past for removal of .the 
menisci of the knee joint. There is first the utility or paramedian incision which 
skirts the mesial border of the patella and divides the tendon of the quadriceps 
muscle. This incision, while it is used often, has the objection of causing a long 
disfiguring scar. 

Proper names arc deservedly disliked in medical literature, but the following 
names have heen popularly attached to types of incision for removal of the 
internal semilunar cartilage of the knee joint. The curved incision described by 
Jones (fig. 1.7) is possibly the most popular for excision of the medial meniscus 
of the knee joint. The Jones ‘ incision is “slightly curved and extends from an 
inch within the lower angle of the patella to one-half inch below the tibial margin, 
curving moi’e acutely at this point toward the internal lateral ligament.’’ 

The Cave - incision was described as follorvs : "The incision begins three-eighths 
of an inch behind and on a level with the internal cpicondyle of the femur. Tln^ 
incision is carried downward and curved gradually anteriorly to a point onc-fomth 
inch below the joint line and then forward to the l)order of the patellar tendon 
(fig. 1,2). 

Fisher ^ described his incision as follows : "This is a curved incision. The moie 
vertical element of the curved incision coincides with the anterior margin of t ^ 
internal lateral ligament and the horizontal element curves forward toward t le 
patellar ligament” (fig. 1,5). 

Bristow ■' uses a simple oblique incision on the anteromesial aspect of the knee 
joint. His incision is practically transverse. 

I do not intend to confuse or complicate the simple task of excising a meniscus 
of the knee joint by proposing a new incision. In the method to be described, t le 
principal feature is the patient’s position on the operating table. The patient is 
placed in a prone position on the operating table (fig. 1 , 4 ). The knees are kept 
flexed on the thighs. First the sound knee is kept flexed by a bandage tied 
the ankle to the head of the operating table. Next the operative site is prcparci^ 
while an assistant holds the leg aloft. Draping of the knee is finished, and tne 
dt aped knee is kept flexed by tying a sterile bandage from the ankle to the leac 
of the operating table. No tourniquet is used for fear of the development o 
thrombosis of the popliteal artery. Murray '• pointed out that bleeding mto | 
knee joint from an incision will be negligible if the patient is operated on m 
1 rcndclenburg position. 


, & Joint 


r- K. W... Orthopedic Surgery, Nesv York, William 

Company, 1923, p. 34. 

Surfr'l^^4’'7^'30 193^'^'^^^'"'^'^ Anterior-Posterior Approacli to the Knee Joint, J. Bone 

3. hisher A. G T. : Internal Derangements of the Knee Joint, New York, The M-ic” 
Company, 1924, p. 61. 

liitcrn.al Dcr.nngenients of the Knee Joint, J. Bone S: Jom 
1/;603-626, 1933. _ , _ . 

3. Miirr.ay C. R. ; Complicating F.actors in Trc.ntment of Injuries to Menisci of hnee 
•tm. J. Surg. 53:262-273, 1942. 
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Jones incision for removal of the medial meniscus of the knee joint; (2) Cave 
'on. (j) Fisher incision; {4) prone position and transverse incision described in this article. 
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With the patient prone and with his knees flexed, the operator makes his 
incision. I prefer a small transverse incision directly over the proximal end of 
the tibia. This incision extends alonj? the anteromesial edge of the tibia for a 
distance of about lyz inches (3.8 cm.). After the incision is deepened through 
the superficial and deep fascia, the synovial membrane is incised exactly at the 
articular surface of the tibia. The torn meniscus can now be visualized and 
excised. Should insufficient exposure follow the use of the incision, a second 
incision may be made anterolaterally over the lateral semilunar cartilage. In 
addition the knee joint may be extended in order to expose the popliteal area for 
incision. Neither of these incisions has been necessary in the present series. 

I believe that by operating with the patient prone the posterior portion of the 
meniscus can be seen more easily than by an incision of similar size with the patient 
m a supine position. In the prone position the knee joint can be completely flexed. 
The tibia can be used as a lever by the assistant to abduct the knee joint; thus the 
mesial compartment of the knee joint can be fully visualized. 

In the description the preparation for surgical intervention may seem com- 
plicated and laborious, but this is not actually the case. The patient should be 
so placed that his knees project just beyond the end of the operating table. (The 
leaf of the operating table should be dropped before the patient’s leg is prepared.) 
Shoulder bars will prevent the patient from sliding toward the head of the table. 
The foot of the operating table is raised considerably. 

An objection that may be raised to operating on a patient in the prone position 
is the difficulty of administering an anesthetic. I encountered no difficulty when 
spinal anesthesia was used. 

Fifteen patients have been operated on in the manner described. The methods 
of immobilizing their knees postoperatively have varied. No fixed conclusion has 
been reached as to the best method of immobilizing knee joints after arthrotomy. 

SUMMARY 

The prone position for excision of the medial meniscus of the knee joint has 
been described. Exposure of the posterior half of the meniscus is facilitated y 
this procedure. 



XEW ASPECTS OF SPIXAL IXJURIES 


ARTHUR G. DAVIS, M.D. 

ERIE, I'A. 

This ardde has for its purpose the recording of (1) points concerning the treat- 
nient of spinal injuries on wliicli general agreement lias been reached, (2) points 
°n''Wch there still exists considerable divergence of opinion and (3) a number of 

new aspects which may be considered addenda to the eeneral subject of spinal 
injuries. 

The treatment of fractures and fracture-dislocations of the spinal column from 
^niote^ antiquity to the present day divides itself naturally into four periods. 

istorical data revealed bv the findings of Dr. George Bennett show throughout 
\ -1 ■ I millenniums man\' an attempt at immediate reduction, some of 

d \ W'ere complete!}- successful. All such attempts, however, were 

e lindly, and photographic proof obviously is completely lacking. Professor 
ngens discover}- in 1896 provided the only exact criterion for diagnosis and 
ec ion of result. The orthopedic surgeon had been treating tuberculosis of the 
n rum for ages, and many had been the attempts to correct tlie hunchback. The 
1 ure of the centrum to repair its defects, however, led to a misapprehension 
^^garding the callus-forming ability of the vertebral body, so that any attempt to 
been ^ centrum was frowned on if not actuaHy forbidden. Had it not 

ver}’- naturally acquired misconception, the problem of the crush 
^be centrum probably would have arrived at a much earlier solution, 
ftat experienced no such conditioning, and by and large it might be said 

treated fractured spinal vertebrae more rationally than did, later, surgeons 
of t) during the intermediate modem period when the association complex 

oircul ° destruction of the substance misled them into funny ideas about the 
the V centrum being peculiar. The idea that the centrum or body of 

don beca ^°^®tftuted the one outstanding exception to spontaneous callus forma- 

Kiininf conception of Kiimmell’s disease ser\-ed to intensify the illusion, 

ds ca ^ ^ was thought to be idiopathic or spontaneous progressive atrophy, 
roent^^^ being vaguely related to injury. Subjected to the light of adequate 
disapn another bog}- was dispelled. Kummell’s disease as such has now 

position condition to which that name was applied having taken its proper 

^O'luent ’^^^ocognized or improperly treated fracture of the centrum. The sub- 
between f ^°Pby is now interpreted as nothing more than nonunion due to motion 
'Oain trag^^^"^^ resulting failure of anastomosis of vessels behveen the two 

came fear. Fear of overhyperextension sufficient to disrupt the spinal 
^°ogitu(}j induce paralysis. Tests of the tensile strength of the anterior 

'^cturine f 'S^nient, together with a study of its structure and of its behawor when 
^hengtij "were applied to tlie spinal column, demonstrated its relatively great 

^"sinst li - ^ large one may say that the anterior longitudinal ligament is secure 
^'on severance as a result either of fracturing forces or of h}-perexten- 

'°^?itn(3in i°r ' but two exceptions, the check strap function of the anterior 

^ 'gament can be depended on. The exceptions consist of the rare case 
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of hypercxtcnsion fracture and tiic ease in whicli the liorizontal element or shearing 
force has irreparably damaged the cord. 

Seventeen years of experience in actual and immediate reductions of fractures 
and dislocations of the spinal column have served to bring about general agreement 
on a number of points, d'hese points may be listed as follows : 

1. H 3 'perextension is as generally applied in the reduction of fractures of the 
spinal column as is straight line traction in the reduction of fractures of long 
bones. 


2. The vertebral centrum can be depended on to form callus after fracture as 
promptly as any other osseous structure. 


3. In cases of paralysis laminectom}' as a decompressive procedure occupies a 
place distinctly secondary to that of hyperextension. 

4. The Queckenstedt test is an invaluable means for the determination of spinal 
subarachnoid block before and after hyperextension. 

5. Skeletal traction, such as that obtained with the Crutchfield tongs, is an 
invaluable therapeutic adjunct for crush fractures or fracture-dislocations ot 
the cervical part of the spinal column. 

6. The intact posterior arches of vertebrae when hyperextended are capable ot 
sustaining the imposed weight of the torso without the aid of the centniw, 
thus during part of the convalescent period the patient is made safe!} 
ambulatory. 

7. The anterior longitudinal ligament when interpreted correctly acts as the mam 
reducing medium as well as the main check strap opposed to excessive hyper- 


' extension. 

At the present writing a number of points of disagreement may be mentioned. 
First among these points is that of convalescence. The questions of a rule of thum 
regarding the amount of time spent recumbent and the amount of time ambu 
the total time necessary for callus formation and the criteria by which one may ju g 
the integrity and structural strength of callus have called forth widely diverge ^ 
opinions. From the one e.xtreme of allowing the patient to be ambulatory m^^ 
hypere.xtension jacket immediately after reduction to the other in which le is n^^ 
allowed to be foot loose and free for six months or longer, many intermediate 
are practiced. Were it possible to exhibit adequate detail of the posterior^^^ 
roentgenographicall)^ ambulatory treatment immediately after reduction " ou 
understandable. Considerable evidence, however, exists to show that ^ ^ 
ture of the posterior arch occurs regularly, and with the presence of sue i a ra 
the possibility of a false joint with excessive callus in the articular 
pedicle sufficient to encroach on nerve roots seems obvious. In my es 
weight bearing should be prohibited up to the time of differentiation o^ jjancl, 
tissue into bone — in other words, approximately six weeks. On the o le 
results in some 250 cases of crush fracture of a vertebra demonstrate ^ 
rule of thumb of “six weeks recumbent and six weeks ambulatory m ^ ^cciir 
hyperextension” is followed, the sequela of pain in the injured area does u^^^^ 
nor is there subsequent wedging of the vertebra following the remova ® 
three months after fracture. The general rule therefore is that the P*'^. jacket 
reduction of the fracture and application of an adequate hyperextensio 
is allowed freedom in bed to move about in the horizontal position as ’ 
but is not allowed to sit up or stand up for six weeks and that t len, 
his jacket fits properly, be is not only allowed but is encouraged to ua 



iKiris—srix. iL ixjcRins 


621 


'IS he can, up to two miles a clay in order to induce structural trabeculation in 
the amorphous callus. It is found regularly and without exception that at the 
end of three months front the time of fracture an ordinary crush centrum of the 
vertebra has developed so sound a callus that no fear of a recurrence of collapse 
of the body need be entertained. 

The other main point of disagreement is the manner in which reductions of 
compression fractures are done. A great variety of methods, all depending on 
hyperextension, are being used, the W'atson-Iones method possible as much as 
any. By using the standard hospital bed in reverse, the spinal column can be 
gradually hyperextended by simply turning the crank. Various types of jacks are 


Skeletal traction 
Plaster collar 
Minerva jacket 

Special table 
Miner^-a jacket 


Goldth\\*ait irons 
Three-point jacket 


Poot suspension ^ 
Three-point jacket 



Norms/ Curve 

Fig. 1. — Difference in method indicated by difference in anatomy. 

hsed by others. My experience in this connection is that the jack is very* traumatiz- 
j ’s extremely painful, requires the use of an opiate or an anesthetic and produces 
^ '^jre distention. Another method reduces the fracture by laying the patient 
putting a band crosswise underneath the fractured area and hyperextend- 
for elevating the band. Gradual methods obviously must be retained 

Us fvacture-dislocation with paralysis in which hyperextension cannot be 

be 1 'vhich there are multiple other fractures and the spine meanwliile must 

o- In these cases the standard adjustable hospital bed will suifice 

'"°Sers frame may be used. Rogers. Dunlop and Jones all have shown excellent 
'U ts with their individual methods. After having tried all the methods men- 
• t nave returned to foot suspension because oi us being the simples: anrl 
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Fig. 2 (case E. G.).— (a) Typical crush fracture of the first lumbar vertebra. The levers 
illustrate the traction and the countertraction exerted by the vertebra above an 
the alfected one. (b) Typical reduction by foot suspension. 









. ' - .r-M-.y. 







Fig. 3 (case A. H.). — (a) Very moderate uncomplicated compression cornph'*® 

vertebra, (b) Result three months after reduction with Goldthwait iron 
restoration of the anterior vertical diameter. 
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the most eflectivc as measured by case of operation, degree of reduction and the 
entical factor of protection of the j^ostcrior arcii. Xo opiate or anesthetic is used,, 
and the patient's discomfort at tlie point of fracture is usually relieved during 
this simple gravity suspension. 

In a personal communication from Dr. Gallic, of Toronto. Canada, I learned 
ot a method which can be extemporized where the ordinary medical facilities are 
not available. If one recalls that hypere.xtension by foot suspension involves nothing 
more drastic than the child’s game of wheelbarrow, fears concerning foot suspen- 
sion should be dispelled. Dr. Gallic stated that treatment in his first case was 
earned out in the following manner: “A small box was placed under the chest 
of tlie patient, he lifted the feet to his shoulders and rested them there while an 
assistant put on a plaster jacket.” 



j '*-~Points in a typical reduction of an uncomplicated thoracolumbar crush fracture; 

I aiple clearance beUveen the anterior spines and the hammoclc affords an index of adeouate 
^'■‘^''■‘ension. ?. The hammock mav be lowered witli a crank to increase h 3 -pere.xtension 

wV wadding cushions the holder. 4. A holder loop of canvas with a ring by 

m suspend the patient is shown. 5. .A, canvas hammock is to be noted. 6. The \v eight 
is carried bv the hammock. 7. Maximum hyperextension is obtained at the region 

'nvolved. 


SOME XEW ASPECTS OF SPINAL INJURIES 

^^'Cral new accretions to the subject of spinal injuries hate become apparent, 
seem worth recording at this time. 

of the heading of roentgenographic concealment in relation to the dcgrcc 

'•^'crity of the injurv. new interpretations seem important, 
y The tests for the* tensile strength of the anterior longitudinal ligament bear 
j ” '"’Portaiit relation to the general 'subject and to the various technics employed 
’■educe fracture.s of the spinal column. 
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3. A method is presented for diagnosing by inference a fracture-dislocation 
in which there is a single jumped process. 

4. A technic by which sucli a fracture-dislocation may be reduced completely 
is described. 

5. The diagnosis and the treatment of a hitherto unrecognized but regularly 
occurring type of cervical luxation are presented. 

By this time it has become obvious that the vast majority of crush fractures and 
fracture-dislocations of the spinal column occur as the result ‘ of a hyperflexion 
mechanism. The preponderance of the automobile accident as a cause of these 
fractures has helped to an understanding of the usual fracturing force. In a 
head-on collision the continuing forward momentum of the parts of the body that 
are not braced when the vehicle has come to a full stop results in a whip lash 
mechanism. The forward momentum of either the head alone or a part of the 
torso continues on the lower fixed section of the body at the moment of impact 
of the collision. Immediately following the hyperflexion there is a spontaneous 
recoil in extension. The complete action resembles a whip lash. The recoil 
mechanism is sufficient in some cases to reduce a dislocation spontaneously as 
evidenced by cases showing complete neurologic involvement from the cervical 
region downward, in spite of the first roentgenograms showing apparently negligible 
damage or no damage at all. Likewise, the spontaneous partial reduction of a 
crush fracture of the lumbar area is accomplished by proper first aid handling— 
e. g., by rolling the patient over and carrjdng him in the prone position or simply 
as a result of his rising on his elbows in this position. Either or both of these 
actions exert enough extension to partly restore vertical diameter. It is clear, 
therefore, that the first lateral roentgenogram cannot be expected to show the u 
degree of involvement of the vertebral arch since it is not knoum how much spon 
taneous reduction already has taken place. The likelihood of involvement o tie 
posterior arch is proportional to the degree of vertical collapse of the centiuin. 
There is considerable evidence from those whose practice it was to expose sue 
fi'actures for the purpose of immediate fusion that at the time of e.xposuie a goo^ 
many fissure fractures of the articular processes and laminas were disclose n 
otherwise were unsuspected. The following section, therefore, is aimed at can } 
ing hidden lesions of this type. 


ROENTGENOGRAPHIC CONCEALMENT 

The diagnosing of lesions of the posterior arch by inference mus^ be i 


to 
involv 


since the roentgenogram cannot be depended on to show even gross 
....Giving the pedicles, the articular processes and the laminas. One is 
tricked by the illusion of a completely normal -appearing posterior arc i. 
fractures without gross displacement, for instance, are impossible to 
ordinary roentgenography. Figure 5 depicts a portion of a spinal colunin 
at autopsjT in which a number of fractures of the pedicles and artiemar pi 
were made with a Gigli saw. The four views of this specimen s ow 
fractures. It is noted in this connection that the Gigli saw creates a cons 
greater defect than a simple fissure fracture. -pected 

While it is generally appreciated that the roentgenogram cannot ^ 
to show all of the lines of fracture in a long bone, it is not so well 
cracks and dislocations of a posterior vertebral arch are much more 
concealed than those of a long bone because of the veiy' dense bone or 



/r/.S'.~V/>/.V, 1; 
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2CCi.‘<<(iry jirooes^cs niui Ikwhim: <>1 the liiiitiher i>i Mich prijCc-'M'.-. particiilarlv in 
the iatera! ]tlruic. An Iiuiian Iiidiii": beliind tlic trunk of a tree or a barricade 
wniki idi<ito,L;ra]i!i aj; rcariily. 

A glance at tlie s])inal column show? liow imjio'siblc it is to hope to reveal the 
iracture nr the dislocation liy photography itecau'C of the number tpf processes to 




F * 

Poste^- ^■‘~'^°®”tgenographic concealment. The letters a, b, c and d indicate lateral, antero- 
°btainpa^’ oblique and right oblique projections of the same portion of a spinal column 
saw A ^“topsy. Fractures were made at %-arious points in the posterior arch with a Gigli 
conta' L of the defect created by the saw is indicated bj- arrows. The other fractures 

the amount of defect but are concealed by overlying dense bone. In a, b, c and d 

' ^ es of the four vertebrae are as follows: 


1- Intact 

^ ^’’l^kular process fr 

Articular process fractured 


Right 

1. Articular process fractured 

2. Pedicle fractured 

3. Pedicle fractured 

4. Articular process fractured 
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be penetrated by the rays. In the lateral roentgenogram, for instance, it is neces- 
sary to penetrate both transverse processes and four articular processes, besides 
two pedicles. If a line of fracture shows, it is by the merest chance, and it is 
necessai'y for the defect to be large or the dislocation gross. 

Roentgenograms taken at an angle of 30 to 40 degrees are more likely to exhibit 
fracture lines in the articular processes than lateral roentgenograms. The majority 
of such oblique views, however, cannot be e.xpected to show much more than 
irregularity of the posterior articulations. The lack of visual evidence of fault in 
the posterior arch will continue to deceive most observers and will undoubtedly 
continue to create a false sense of security because of negative findings. No doubt 
greatly increased caution is exercised by most operators in their approach to frac- 



Fig. 6 (case B. G.). — (a) Anteroposterior projection of a spinal column siowi 
dislocation of the first lumbar vertebra. Note the lateral angulation, the wide spa 
the spinous processes, the different alinements of the series of spinous processes 
below the dislocation and the unequal compression of the two sides of the invo '' 
body. Compare with b. (b) Lateral projection: 1 indicates a gross dislocated 

intervertebral foramen. An articular process of the twelfth dorsal vertebra ^ indicates 
upward and is impaled on the superior articular process of the first lurnbar processes 

the compression unreduced after an attempt at hyperextension. Impinging ar ic ^j^jj^pjction 
do not permit the normal fulcrum of the posterior joint to operate ; there ore^^ side of the 
is impossible until the processes have been disengaged. 3 indicates the level o 
crushed centrum. 4 indicates the lower level of the opposite side. 


ture-dislocations with paralysis ; it is the damaged cord in this case -jP 

the operator. Fracture-dislocations of fully as great magnitude but wi to 
vsis occur regularly. In the case of paralysis one must assume risks w n 
not be Avarranted in the case of a simple crush fracture. The grea e 





/'. a 'IS- -N'/’/.v. ;/. ixjrh'n-.s r,27 

However, is die operator iiiny do re;ii datiia^'e to a iraeturc-dislocation 'tdlliout 
paralysis. Methods of identifying: the danporons types arc as follows: 

The rocntpenopranis nun-l lu- scan:u'<! from tlie jioint of \ iew of dam.a^e to the 
posterior arch. With this approach in mind, certain iioints hecomc imnicdiatelv 
ob\ious, I he correlation of a nninher of tlie.'e points will fretjuently decide whether 
the case is one for manipulative or one for o|)erati\e jirocednre. By observing 
roentgenogr.ams of spinal injuries in tin's light, the oj)crator will safeguard 
liaiseli against disasters due to manijnilation. 

Figure 6 depicts a case of this kind clearly. The patient presented no neuro- 
a’o Signs whatever. I'our jtoints were noted in the anteroposterior view: (1) 



TT* 

ft) th" entering into tlie diagnosis of a fracture-dislocation of the lumbar region: 

tower s tilting of the twelfth vertebra; (2) the different alinements of the upper and 

spinous processes; (2) the lateral angulation of the two spinal segments; 
twelfth localized to the point of dislocation as indicated by the lateral offset of the 

tertebra and (5) the wide vertical separation of the twelfth and first spinous process. 

^^Sulation with its apex at the twelfth interspace; (2) a wide inteiwal 
(3l' ^be spinous processes of the twelfth dorsal and the first lumbar vertebra; 

^finite rotation of the entire upper section as indicated by defective aline- 
(4^ '^be upper series of spinous processes with those of the lower section; 
The compression of the two halves of the body of the involved vertebra, 

jj ^^Pj^bent was a slender boy, i. e.. the type of patient with whom roentgenography 
Ts best and shows the articular processes clearly. 

'hter\-'^ ^^^^cal view brings out additional points; at 1 gross enlargement of the 
'^^fcbral foramen ; at 2 an appearance of one articular process being impaled 
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on tlic one below ; at 3 and 7 an appearance of two dilTcrcnt levels in the centrum. 
Wherever such a double shadow of a vertebra appears, dislocation of one articular 
process must he expected. 

Figure 7 is an exact replica of the case jtist cited. A\'hen analyzed, this anatomic 
specimen shows the lower right process of the twelfth dorsal vertebra jumped 
and loclced in front of the upper right process of the first lumbar vertebra. It 
also shows almost complete dislocation of the left process. 

An analysis of this specimen shows why the angulation, the rotation and the 
disalincmcnt of the spinous processes, with large interspinous space, all combine 
to make certain the diagnosis of a jumped articular process and demonstrates 
conclusively the impossibility of safely reducing such dislocation by manipulation. 



Fig. S. — Setup for open reduction. Note (i) the telescoping post, (2) the gear to a j 
the level and (J) the canvas sling placed at the level of the fracture-dislocation. 


It is considered definitely hazardous, to attempt any manipulation at. a 
sequence of treatment believed to be best for this type of dislocation is as o 

The patient is mounted on an operating table which breaks in the middle or on 
fracture table as in figure 8. The involved posterior vertebral arch is expose ^ exposed 
periostea! method as in operation for fusion. The laminas and articular .j^g^gage the 

in detail. The table is then broken so as to induce the necessary flexion o ynderneat!' 
jumped process. When the special table is used, a sling is placed suspcnsi°” 

the body at the fractured area and flexion is induced simply by *^**t'^^ yjed to 
apparatus until the process has room for clearance. A bone forceps is i procc.ss 

the spinous process of the dislocated vertebra, or a blunt elevator is use (able 

over. The operator then combines movements of posterior pull with ro ‘ 
straightened away, the sling lowered and the dislocation thus rather casi y ^ stispe't*'*’”' 

With the operative wound still open, the patient is hyperextende > restored ti> 
and a lateral roentgenogram is taken in order to see that the centrum is ),„ircver. t®"" 


its vertical diameter. Obviously, no fusion is necessary in such cases, 
posterior arch is otherwise damaged, fusion may be indicated. 



n.tns- M’i.x.u. ixjrKHis 


029 


Figure !,» ilhij-trates ;tn<'i!ier ease, hi tliis ea.^e tiio area <<i injury wa.s not 
opened. ’J'lic ligure .'•liow- oi tlic feature.-; neec.s.sary to a (iiagnosi.« of clis- 

Ic-cation of a posterior arlieular jiroeess. 'File roentgenogram made si.x mnntlis 
siter fracture .slio\v.< tliat tlie ]'atient wa.s saved from further gradual forward 



P* 

me ^ (case M. p.)._(a) Fracture-dislocation witiiout paralysis. Note the gross enlarge- 
beio, intervertebral foramen and the articular process caught on the apex of tlie process 

'hoJ’ closed manipulation futile. (&) Lateral view six months after the fracture, 

interruption of continuity in the posterior arch. Note the inabditj- to exhibit 
and ,1 °* articular process, the apparent bony bridge at the anterior portion of the body 
0- j failure of reputedlv strenuous attempts at hj-perextension to decompress the centrum 
the angulation, (r) Anteroposterior view sLx montlis after the fracture. Note 

cral dislocation and the unequal compression as between the t\\ o sides. 
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dislocation by a bony bridge present between the two vertebrae in front. There 
is practically no evidence of continuity of structure of the posterior arch. 

According to the histoiy, a number of attempts were made to undo the deformity 
of the centrum by manipulation. Obviously, the centrum could not be opened to 
its complete height because of the block afforded by the jumped process posteriorly. 
It must be noted again that neither of the ])atients in these cases showed any 
neurologic signs. Obvious!}', attempts at manipulation in such cases are not only 
hazardous but futile. 

TENSILE STRENGTH OF THE ANTERIOR LONGITUDINAL LIGAMENT 

Since the determination of the tensile strength of the anterior longitudinal 
ligament of man on necropsy specimens demonstrated conclusively the surprising 
strength of the ligament, all manipulative work has been approached with greater 
confidence, and a modification of the Walton and Taylor technic for reducing 
cervical dislocations is justified. 

In a paper published in 1938 the results of a series of tests of 7 ligaments 
obtained at necropsies were recorded. These ligaments were submitted to strains 
in a testing machine to determine stretch and breaking strength. The restilts 
demonstrated an average breaking point of 337 pounds (153 Kg.) with no evidence 
of stretch. Tests to determine the pounds of pull necessary to reduction showed 

80 pounds (36 ICg.) to be sufficient in the cases requiring the most pull. The 

resulting safety factor is therefore in the ratio of 4 to 1. Except in cases of hyper- 
extension injury or fracture-dislocation, complete assurance may be felt regarding 
the abilit}' of the anterior longitudinal ligament to withstand the strain of both the 
initial injury and the reduction. 

Descriptions of the Taylor technic for reducing bilateral dislocations of tie 
cervical A'ertebrae all agree in principle but vary somewhat in detail. ^ If 
approaches a Taylor manipulation and visualizes the anterior longitudinal ligamen 
and its known strength, the following modification of the technic seems obvious. 

Were it not for this ligament, damage to the cord would undoubtedly 
as the result of a longitudinal pull. Obviously, it would be a decided advan a^ 

to pull the head in flexion. Pulling in flexion, however, puts the maximii^^ 

traction on the posterior roots of the cord. Therefore, it is decidedl)' 
pull in flexion. Pulling longitudinally with extension would, in view of t le c 
strap function of the anterior longitudinal ligament, provide a complete y 
method of traction, but unfortunately the articular processes will not c eai 
other since the traction will be exerted principally on the anterior longitj 
ligament and the check strap effect of the ligament will preclude the possi i 
a jumped process clearing the summit of the process below. Therefore, p 
the exact longitudinal axis of the body is highly important. A 
placed around the operator’s waist or buttocks and attached to the la e 
the operator the best mechanical advantage in handling the head (fig- 
hand is placed under the jaw, the other under the occiput, and one o 
of the occipital hand is then placed in contact with the cervical 
processes to determine crepitus. Ordinarily, distinct crepitus can ^ .jj 
the articular processes disengage. When this occurs with full traction 
tained on the head, the head is brought into extreme hyperextension. 
roentgenogram is then taken. If reduction has not taken place, ano 
using more traction, should be made. It is interesting at this pom ^[,is 

much one can pull without doing damage. Several ^ e.vtrcnic 

operative procedure, a spring balance being used. It was found 1 1 
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of applying a straight line pull tor bilateral cervical dislocation. A indi-> 
f>uttock'^ Walter purchase on the occiput and the chin. Note the band e-xtending around the 
Perineaf operator. B, B, B indicate countertraction bands that lash the shoulders to the 

Purcha operator’s foot abuts against a stationarA- object on the floor for better 



operated P°'^ods. If this pull is done against the end of the table as a preliminary and the 
^ pulls to his utmost, the safetj- factor may be determined in advance. 
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of effort, the balance registered SO to 125 pounds (36 to 56.5 Kg.) (fig. 11). 
Since the breaking point of the anterior longitudinal ligament is at weakest 160 
pounds (72.5 Kg.) and the average breaking point is 337 pounds (153 Kg.), it 
is obvious that pulling the utmost in the standing position as illustrated will not 
tear the ligament or otherwise disrupt the cord or the nerve roots, provided the 
traction is in a straight line involving no flexion, extension or lateral deviation. 
Likewise, I have seen large amounts of weight used in connection with the Crutch- 
field tongs w'ithout damage. As much as 45 ])ounds (20.5 Kg.) has been applied 
to the skull continuous!}' for days on end without discomfort to the patient. It 
is clear, how'ever, that such a large amount of weight cannot be expected to serve 
a useful purpose because of the unyielding nature of the ligament. The anterior 
longitudinal ligament is completely inelastic. Determinations of stretch were made 
at the same time that the breaking point w'as determined. These tests ■were con- 
ducted in the same manner as in testing steel. During the increase in strain induced 
by the testing machine, the distance betw'een two points, one above and one belo^w 
a vertebral body w'as measured at increases of 50 pounds (22.5 Kg.) up to laO 
pounds (68 Kg.) of w'cight imiDOScd; no increase of separation was noted. These 
determinations of stretch seem completely critical since if there had been elastic 
yield in the ligament, pulling in the longitudinal axis or in hyperextension would 
carry the penalty of damage of the roots. 


CERVICAL LUXATION 

The analysis and manner of recognition and the treatment of a hitherto unre- 
corded but regularly occurring entity are herewith described. It is apparent ftom 
the histories of a number of patients that they suffered a severe injury, such 
automobile whip lash, usually some time prior to their first visit to a physician, 
with painful symptoms referable to the cervical portion of the spinal column- 
Roentgenograms of the involved regions fail to show' definite evidence of forwaic 
dislocation of the body of a cervical vei'tebra. . . , 

There may be just sufficient luxation forward to suggest the possibility o 
slight displacement of the magnitude of a sixteenth of an inch or more as one 
looks at the anterior line of the body of the vertebra. The significant obseim 
tion, however, in regard to the lateral picture is that the cervical portion o 1 1 ^ 
spinal column has lost its normal anterior curve, and there usually is the . 
suggestion of anterior angulation at the level of an intervertebral space (fig- -/j 
It is w'ell known that vertebrae have been completely dislocated in the 
region, sufficiently to sever the cord, and reduced spontaneously by the 1’‘"^ 
involuntary extensor recoil. It is assumed in these cases that a sufficient 
throw' has occurred to sever the ligaments surrounding the postenoi ai i 
processes, that spontaneous replaceinent took place w'ith the recoil hut 
tear in the ligament's did not repair itself in the short position because no 
ment w'as instituted. Subsequently, because of the incomplete repaii of t ic 
mentous tear, the vertebra, under the weight of the head, gradually 
lu.xation forward: While the diagnosis and the proofs in such cases aie iio^ 
elusive, it is safe to assume that the dislocation .outlined has 
immediate recognition of it and splintage w'ith a collar to the 
cervical portion of the spinal column arc imperative to prevent gradual y ni 
luxation foryvard, which in a period of years yvould be sufficient 
the roots and traumatic arthritis in the intervertebral joints rcf|Uinng 
fusion to eliminate the painful disability. Several persons witli a j„-.;(,,ry 

the latter kind have been seen vear.s afterward, all of whom gave a f e uu c 


p.U'is- snx.n ixji h-ii:s 
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Column A Typical partial dislocation of the cervical part of the spinal 

Note tile" r points to a slight forward displacement of tiie body of the fourth vertebra, 

^he normal cervical forward curvature, (b) Schanz collar in place, 

fourth • ceia-ical curve is c.vaggerated (In-perex tended). The discrepancy at 

intervertebral space has been eliminated. 





Long-standing partial forward dislocation of the third on the 
Operative f ^ '‘^’’tebra. Xote the elimination of the normal ceiwical forward cuiwe. (b) Post- 
lon. The third, fourth and fifth vertebrae are fused to eliminate painful disabilitv. 
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of a severe accident hut whose symptoms at the beginning apparently did not 
merit rocntgcnograpliic investigation. 

A ease in point is that of a hnxatcd cervical vertebra of several years’ duration 
wliich was fused recently, with comj^letc disa])pearance of pain due to spinal root 
})ressnrc f fig. 1.3). 

A suflicicnt number of these cases have not yet been reported to enable one 
to arrive at definite conclusions. JCnough, however, have occurred so that any 
case presenting a history of a recent or even somewhat remote severe accident, 
particularly of the automobile type, and a complaint of pain in the neck should 
never escape rocntgcnographic investigation. If the lateral plate shows elimina- 
tion of the cervical forward curve, this alone constitutes an anatomic change which 
not only requires c.xplanation but is best c.xplained by the mechanism .described. 
If the patient comes for e.xamination early, he is immediately fitted with a hyper- 
extension collar not onl}' restoring but c.xaggcrating the normal anterior curva- 
ture for the time being. Such patients recover completely without operation. The 
collar obviously must be worn for several weeks to months. 

Since this observation was made several years ago, such eases of progressive 
cervical luxation have become considerably more numerous; It therefore can 
definitely be said that this type of lesion is a clinical entity. This demonstration 
also points to the necessity of awarcnc.ss on the part of 'members of the medical 
profession generally that all cervical injuries must be analyzed rocntgcnographically 
and of becoming accustomed to diagnosing by inference, starting with the fact thiit 
there normally is an anterior curvature of the cervical part of the spinal column micl 
arriving at the almost inescapable conclusion that rupture of the posterior liga- 
mentous investiture has taken place and that, the posterior lipments having once 
given way, normal unguarded movements of the head will induce a progressnc 
lesion which will later become manifest as a dislocation easily recognizable^ m 
the roentgenogram. By this time painful symptoms have so increased that fusion 
of two to four of the cervical vertebrae is necessary to eliminate pain. 
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steochondritis dis?i;cnns an a;-(.-])tic necrosis of snbcliondral bone and the 
rung cartilage. This lesion is seen most ircqucntiy in young men. The most 
common site aftccted is the knee joint, witii involvement of tlie medial femoral 
con 3 Je ajjjj occasionally of the patella. The elbow is a frequent site, with tlie 
c^pitellmn the most common area involved. 

js considcre<l tlie inciting cause for tlie development of this condition. 
12 consider tliat there may lie a developmental or congenital background. 

It noted in older persons resembles this lesion in some respects. 

s so^ has been described by some writers as osteochondritis dissecans. I have 
for medial femoral condyle in adults who required surgical treatment 

a fracture of the internal meniscus. I have noted its occurrence also among 
"’ho showed an acutely painful knee after injurv- to a knee joint revealing 
ivho j arthritis. I have also seen it involving the patella in patients 

o_nad an old injurj^ to the patella. The lesion macroscopically consists of an 
Sion and fibrillation of the articular cartilage, with ebumation of the sub- 
^^naral bone. Specimens taken from these areas reveal degenerated cartilage 
loos subchondral bone. Sometimes the cartilage is found to have broken 

ch joint. These fragments show, on microscopic examination, sub- 

co°H' hone attached to fibrillated cartilage. In no instance have I seen this 
n ition associated with osteochondromatosis. 

ne diagnosis of osteochondritis dissecans is partially dependent on an accurate 
cli ■ ^^^mination. This is frequently found to be even more helpful than tlie 
cho ? • making a positive diagnosis. The clinical aspects of osteo- 

inte”^”*^'^ ^lissecans can be rarely differentiated from those of a rupture of the 
• • meniscus when the lesion occurs in the knee. When it occurs in other 
roent^’ ^l^gnosis may be easier. I wish to point out the importance of careful 

cho ^^^™mation as a most valuable aid in the correct diagnosis of osteo- 

hilate^n'^ ^lissecans. In the case illustrated by figure 1 the condition occurred 
joint^^R knees. The patient presented symptoms referable only to one 

PosedI r ^ y^^rs old, and could give no history of an injur>' to the sup- 

the t I- ^"^ 2 . The symptomatic knee had been injured one year prior to 

^t these roentgenograms. At that time he had severely twisted it while 

iV this injur}-, he had had constant complaints, with locking 

of a associated with pain, as the most persistent symptoms. The presence 

sag. condition in the opposite knee, without separation of the fragments, 

cone lesion may be due to developmental changes or may have a 

background. The roentgenograms of the other 2 cases (figs. 2 and 3) 
the visualization of osteochondritis dissecans involving an ankle and 
dritij^^- ^ ^emur without detachment of the fragments. Figure 2 reveals osteochon- 
a seve astragalus, which was first seen after the patient had suffered 

of 3 sprain of the ankle. Figure 3 shows a similar lesion occurring in the head 
ctnur. The condition was first noted about a year after the patient had 
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of the osteochondritis dissecans. ^ ' ^I'lcttnc revealed no evidence 



from'only 



1 hesc .) cases are instances of a lesion involving the articular cartilage and 
the suhchondral bone. 'J'ranma seems to be at least one of tbc ctiologic factors- 
W bethel the condition noted in tiic supj)osedlv uninjured bnee of the case i ns 
trated by figure 1 was tlie result of unrecognized tmunia i.s not known, \\lieti 
tbc changes noted in conjunction with other injuries to joints, as in the ca.c 
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hiCii il.i jfVf.’iK'i] islirillat iul! raiiilai/c oi tlic iiU'iliai coinlvk' of the femur 

Wjii inifitrlyint: chiunaJinn "i the ,>.(i!ioli(iiiiI:a] Ixnie a'-.'-ocialctl with a fractured 
|nieiijal inoiiTfcus. are propejiy ela-^sihed under ilii< title i?- not clear. The under- 
.‘nR iactors <eTm t<« he the ^auH•. namely, a-ejttic necrosis with involvement of 
u n^c and .suhclitvidral hone. 'I'he clinical jiicture is not the fame in most 
tnitniKi-.-. Locldut: is nc't a comtv.nti eomjilaint in cases m' the latter tyyc. and 
c laynosis is usnally cluuded hy the complaint- a--ociaied with the jirimart' 
'^Oj.fihion refjuirinjt care. 'I'he nami’ “osteochondriti- dis-ecan-" tits the charac- 



lesions. However, the other lesions described seem to fit more 
Wav K categor}' of lesions associated with ht’pertrophic arthritis and 

Weil w described as degenerative osteochondritis dissecans. They are not as 
genoa ^ circumscribed in character as those visualized in the roent- 

i°int most commonly associated with some primarv change in the 

^ ^o^ntgenographic changes are quite different, 
associaf *^ ^^^^tment of the two ri-pes of lesions described under this title, my 
disjp I have found that the therapy for d^enerative osteochondritis 

IS identical with that for true osteochondritis dissecans. In both instances 
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the articular surface lias to be thoroughly smoothed off, the loose fragments taken 
out and the overhanging shelves removed. The response to this type of treat- 
ment in the one condition is also very similar to the response in the other. The 
relief of pain and discomfort in both instances is quite apparent. 

In discussing osteochondritis dissecans I have given as examples 3 classic 
cases, in one of which the disease was bilateral. The importance of accurate 
roentgen examination in making a correct diagnosis cannot be overemphasized. 
I have pointed out the similarity of this lesion to the frequently noted lesion 
involving the internal condyle of the femur and the patella in patients who have 
required surgical treatment for fracture of the internal meniscus, old injury of 
the patella and hypertrophic arthritis. I have preferred to classify lesions of the 
latter type under the title of degenerative osteochondritis dissecans. The differ- 
ential findings between these similar t)'pes, as well as the common findings, have 
been discussed in order to reveal more clearly why I consider these two types of 
osteochondritis dissecans as representing similar responses to different etiologic 
factors. 


9 Buttles Avenue. 
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Although p 5 cuclnrlhra.‘;is lin,'; hccii dc.'^crihcd in associntion witii ncurofibro- 
niatosis. the mcchaiii?in hv which it arises lias not been cxplaiiieii.' It is unr purpose 
to report a case of congenital bow leg and pseuclartlirosis of tlie tiliia and the fibula 
Associated with neurofibroinatosis in wliicii studies have assisted in clarifi'ing the 
genesis of pseudarthrosis and localized lesions of bone in this condition. 1 he history, 
tbe surgical treatment and the pathologic observations arc reported in detail. 


KKPORT or A CASE 

h D., a girl aged 6 \cnrs 11 inoiUlis. was admitted to tlic Cliildrcn’s Hospital on May 14, 
D40, complaining of a tender swelling in the right arm and a deformity of the right leg. 
. in the right arm was noted eight months prior to admission. It had increased slightly 
in size since the" original observation, and although it did not interfere with the use of the 
’4 was quite sensitive to pressure. 

The bowing of the right leg had been present since birth and, e.xcept for the deformity, 
Ad caused no sj-mptoms. The mother was of the opinion that the degree of deformity 
A not changed over the vears. There was no history of trauma, and at no time had there 
any complaint of discomfort. The other details of the historj- obtained were not con- 
sidered pertinent to this presentation e.NCcpt that the father had small cafe au lait spots 
on his skin. 

Physical Examiiialion.— The child was rather undersized and undernourished. Her skin 
* Oiled multiple areas of brownish pigmentation, so-called cafe au lait spots (fig. 1)- 
"or head was markedly dolichocephalic in type and her jaw was prognathic. Her posture 
ns poor, with increased lordosis, protruding abdomen and round shoulders. There iias 
™ beading of the ribs or Harrison's groove. Othenvise the e.xamination was not signifi- 
^^o^oept for findings in the right arm and the right lower extremitj. 

.palpation of the lateral aspect of the right arm at the juncture of the lower and the middle 
oj""", p''faled a tender firm nodular mass beneath the subcutaneous tissue, the main portion 
^hich was about 3 cm. long and 0.6 cm. in diameter, 
left 1 ^ ”Sht leg showed increased knock knee with anterolateral bowing of the tibia. The 
Was entirely normal, and the lower extremities were equal in length. 
yn^AP^^Senograms of the right leg taken at the time of admission (fig. 2) revealed an 
for™*^'^ oblique fracture in the distal portion of the fibula, which had evidently been present 
The^°w^ time, and a sinuous bowing of the tibia, most marked in an anterolateral direction, 
of b showed an irregular thickening of the corte.x, which was maximal at the level 
of tb"*”^’ localized defects could be seen in the bone at this time. Roentgenograms 

^I'cmain der of the skeleton showed no significant abnormalities. However, a review of 

departments of orthopedic surgery and pathologj' of the Children’s Hospital 
j ’0 Han-ard Medical School. 

matoj- Stalmann, A. : Xerven-, Haut- und Knochenveranderungen bei der R'enrofibro- 
Path 'a ^^oklinghausen und ihre entstehungsgeschichtlichen Zusammenhange, Virchows Arch. f. 
conee 1933. (6) Ducroquet, R. : A propos des pseudarthroses et inflexions 

tibia, Mem. Acad, de chir. 63:863, 1937. (c) Ducroquet, R., and Cottard, A.: 

'^ongenitale de jambe. Deformation osseuse de la neurofibromatose, J. de chir. 
^laniT’ ^ Barber, C. G. : Congenital Bowing and Pseudarthrosis of the Lower Leg: 

Ic) w^'^tions of von Recklinghausen’s X'eurofibromatosis, Surg., Gynec. & Obst. 69:618, 1939. 

' SurA no hi. : Some Orthopaedic Relationships of Xeurofibromatosis, J. Bone & Joint 
b- «:109, 1941, 
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roentgenograms wliieli had l)een made elscwliere two years ])rcvionsIy revealed tliat tlic 
fracture of the fibula was not iiresent tlien, altliongli the agiiearancc of the tibia and tlic 
fibula was otherwise simitar to that seen in the more recent films. 

Laboratory examinations on admission showed no particular abnormalities. The values 
of blood calcium and phosphorus were 9.0 mg. and 5 mg. per hundred centimeters, and tlic 
value of iihosphalase was 9.3 Jfoflansk}’ units. An iiilradermal tc.st with tuberculin in tlic 
dilution of 1 : 1,000 was negative, as was the Minton test for syphilis. The blood cell counts 
were normal, as were the findings in the urine. 

i'lV.f/ Ol’cralivc Procedure . — On May 27 the mass in the right arm was exposed and found 
to be a wormlihc nodular whitish tumor, which was attached to the radial nerve and in part 
had to be dissected from it. There were many continuations from the main mass into 








Fig. 1. — Photographs taken in May 1940 when the patient was and tl'<^ 

Children's Hospital, at the age of 7 years. Note the pigmented patches on 1 1 

. ^ . t - j 1 f • . f ^ I • f . 4 


anterolateral bowing of the right leg. 


All rccognir.'ddc 

the 


the fascia and muscles, although bone and periosteum were not iiivol'Cf. 
tumor tissue was excised. expose 

An incision was then made over the distal third of the right leg so >i.s ^ which w.rs 

at the site of maximal cortical thickening and the fibula in the area ot e .^^.^^,,111 orer 
visible in the rocntgcncgrains. About 5 cm. above the lateral "'n'lcolus, j„cision of * 
the fibula was found thickened and the underlying bone wa.s bin )Oi 
Iicriostcuin exposed a definite area of nonunion, from which '* I'ollowii'g 

was removed so as to give a reiiresentativc longitudinal section 
a section of bone for microscopic examination was removed from ^ 
greatest cortical thickening. The leg was immobilt/cd in 
groin, with the knee flcxeil at alinut 45 degrees. 


at the sit*^ 

plastel-sidiut 'fron, the toe^ 


of 
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iir I 
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r oi tl-.c 7 <:/ ti:,- / ir.c,' ( if-iidlioii. — Tile lliatcrini 

• Oscil irmn the ritrlit ;iriii ;i 'ci I't ntiiif tun"- thukciial ticrvcf. Microscopic 

- ■^■n.r.ntion >I;o\vc(i t!ic nerve InnKlIr-- to lie thickeiml !>> ;i iiroliferntion oi loosely arraiiqeri 
‘'■•jCatcd .‘piiidlc-shnpc<! cells; a iiietine tspical nt jilexiioriii iieiiroiiia (fip. 3). 

he Mock' of hone ati'l atlachni jirriovtcttni rci7M\c<i tmni tin- rcRion of the tiiiunitet! 
Th' '' '' displased a freely innvahle line of iltii'c '•oft ti“-tie 2 to 3 mni. wide. 

‘ rone Corresponded to the ft.-iCiiirr line seen in the roenteeiioyranis. 

nv.crii'-copic e.xainiiiation tlie fracture frannicnts uere seen to he separated by a 
scuiar cellular tissue coniposeel of sttcaniinc bundle ^ of ebuiKaieei cells with little or no 
J collnRcn. The nuclei in sonic area*, showed a tendency to form parallel rows or 

Isaacs (ties. •? and 5>. O'-tcoblastic aetivits and etsteoid forniation were evident alone 
j ^^rems of the fracture frapnicnts, and in tbi>- reitieut there was an intermingling of the 
,'5'!™''^. Cellular tissue with fibr<ius anil osteoid tissues. This intermingling of the soft 
u 3r tissue with the e>steoiel material iiroduced a ilefee'tive teiic of osteoid, poorlj calcified. 



.^°^”tgenograms of the right leg in the anteroposterior and lateral views taken at 
witl°'i,- admission. May 14, 1940, show the anterior and lateral bowing of the 

1 thickening of the cortex, and the ununited fracture of the fibula. 

"f^her 

the tissur*^ ® cartilaginous type of callus in which there was a tendency for 

®‘aat colt! 'disintegrate with formation of eosinophilic debris. In these areas osteoclastic 
, ''cre numerous. 

did not ® distance from the fracture line was entirely normal. The periosteum 

Path tissue of the tvpe that was found between the fracture fragments, 

ttire Vua diagnosis was intraosseous neurofibroma of the fibula with pathologic frac- 

■pjjp ^ I’^cudarthrosis. 

cortic taken from the right tibia was found on microscopic e.xamination to consist 

The conn was not unusual except for slight enlargement of the haversian canals. 

other dssue within the canals was quite vascular and showed no neoplastic change 

‘^°ttical ”°™abty. The overlying periosteum was not abnormal. The diagnosis was 


Gening of the tibia with enlarged haversian canals. 
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Course in the Interval Before the Second Admission. — When the splint wliich had been 
applied at the first operation was removed, Sept. 5, 1940, fourteen and one-half weeks after 
the operation, there was still no roentgcnographic evidence of .union of the fibula, although 
the defect in the tibia created by the removal of the block for microscopic examination 
had healed. 

Roentgenograms taken on September 19 showed a new rounded defect in the tibia, distal 
to the site of the previous removal of a section of bone and opposite the site of nonunion 
in the fibula (fig. 6). This was interpreted as probably a neurofibroma of bone. It was 
decided that no intervention should be made at this time, but that the defect should be 
observed. 

Second Admission to the Hospital. — On December 14, seven months after the previous 
admission to the hospital, the patient was readmitted, with the story that eight days before. 



Fig. 3. — Photomicrograph (x 120) of a section of the plexiform neuroma jg^ged by 
the right arm. Two small nerve bundles and a part of a larger one are sb’gbt- 

the proliferation of loosely arranged neurofibroma tissue. Nuclear palisa i 
Nerve fibers persist in the centers of the bundles. 


while playing in the snow, she fell and injured her right leg. Slie was ta jUga and 

hospital, where an unsuccessful attempt was made to reduce a fracture of t le splint- 

fibula. She was then transferred to this hospital with her leg immobilized a^^ juncture oi 
Rocntgenographic examination showed a transverse fracture of the tibia a 
the distal two thirds and pro.ximal one third, with a new fracture of t le y” ‘ j-cnioval 
level (fig. 7). The tibia had been fractured approximately through the ° roent.g^’’'^' 

of bone for biopsy, although no gross defect from this procedure was 'isi o j-ccogniz'^'' 

grams. The line of fracture did not involve the defect in the tibia u hic l,one. AttoziP*’ 
at the last roentgcnograpliic e.xamination and interpreted as a neuron irom. 
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I A .V- hi '! H /'.s 'f> ;h' i I! he ^ ^ 

rcdii'cttr* ‘■■'Mul m .-ilti;nui;h tlu- irncttirc coiilt! be 

5..^' " -'!n.icc 5 Mrrr.c! <;i;, . ji, o.iild i-.n- be luckcci in position. 

f'c tibia 

callus thr Ibeic vcmird to be .a wnali .am.'.nnt <u' iresli subperiosteal 

'■«cc!cd\?o---'» r' 'itiiii.ir tisMie bttween tlic fraenicnts. This was 

'■itallium ''.V'’". '"■=5- •''/"! nactnre was fixed witli a four screw 

The tissfc ‘ if - defect :n the tiida distal to the fracture was c.xposed. 

and was' aspect rescnilibd granulation tissue in many particulars 

■or his'toinlfo rcrh-'stcutn by a thin layer of cortical bone. It was resected 
'oe.o^ic c.xaniinatuin. 

SnLf ‘V ObJubicn <!f t/n- .Second O^cm/fon.-Tbe soft tissue 

coixi at tlie site ni the roentcenncrapbic defect and the material from the site of 



fibula ^^°*^C)micrograph (X SI) of a section taken through the ununited fracture of 

DfOSd CPnfFal 7r>ri^ ci'ttTnT- ticctio 1t«>c fVio .1 


- A f, j -o-'**'** a, wiiuiincu liaciure 01 

^’umerou«: th' central zone of vascular tissue lies between the adjacent fracture ends, 

die i,nno n.'^yalled blood channels are present. Osteoclastic tvpe giant cells are 'een 

».K_t . “Pper rifthf • __•••. 1 _ r 


ui>T)e • ' '' eiiaiuicib are prcbciii. i^pe giant ceils are seen 

snd lo^ygj. > osteoblastic activitj- and osteoid formation are seen at the upper center 

die area”of°^ showed a histologic picture entireh- similar to that seen in the tissue from 
neurofib°°”™*°'' ™ fibula pre\-iously described (fig. SA and S). The diagnosis was 
noma of bone and ('21 nathologic fracture of the tibia with neiimflhrciTnn r,f 
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leurofih ‘“n in the hbula pre\aously described (hg. t>^ and B). The diagnosis was 
bourse ^nid (2) pathologic fracture of the tibia with neurofibroma of bone. 

^ plast Ifitcrz'aJ Before the Third Admission . — The extremitj- was immobilized 

'’'’'-half ®Pdnt, which was not removed until April 9, 1941, approximately three and 
witb°"i!l- operation. At this time um’on was solid and there was definite 

TTu'rtf eration of the fracture line. 

storj- lb Hospital . — This girl was again admitted on Tune 5. 1941 with 

'at ten days before this she had stumbled over a cobblestone, in’th immediate 
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pain in her right leg. The traunin was ininiinal. She was able to walk, hut the leg became 
swollen and painful. 

Examination showed tenderness in the distal portion of the lil)ia, below the site of the 
former fracture. Rocntgcnographic examination .showed a transverse fracture of the tibia, 
distal to the previous fracture, at the site of the most recent removal of tissue for biopsy, 
although the defect created at that time had almost completely healed (fig. 9). Tlicrc were, 
however, a few new defects anteriorly just below the fracture line. There was no displace- 
ment, and the extremity was immobilized in a plaster splint for seven weeks. Since at the 
end of this time there was no evidence of union, and definite defects in the bone adjacent 
to the line of fracture existed, an open procedure was performed. 

Third Operation . — On July 29 an incision was made in a longitudinal direction over the 
distal third of the tibia, excising the scar of the previous operation in this area. The 
vitallium plate which was used in the immobilization of tbc previous fracture was removed. 
Union was solid in this area, and no abnormal tissue was noted. Tbc site of the recent fracture 



Fig. 5. — A higher power photomicrograph (X 250) of the tissue m 
streaming, swirling, interlacing bundles cut in various planes and the ntic ear 
characteristic of neurofibroma. 


figure 4. 

palisading 


The 

arc 


was then exposed. There was no evidence of union. 1 he bone resected 

fracture in the tibia was resected, as was the area of nonunion^ m tfic The 

portion of the tibia contained certain defects occupied by tissue o ' . jpe tihin 

surfaces of the tibia were coapted and plated in position. The distal r. g deferred 

was very atrophic and friable. The use of a large bone graft was consu The 

at this time; small osteoperiosteal grafts were placed across tlic Ime ^ p, 

e.xtremity was immobilized by means of a circular plaster splint extciKimg 
tlic ^roin. i* 

Pathoiogic Examination of the Tissue Removed at the 'third recurrent 

was similar to that seen in previous sections. Tlic histopathologic (Uag 
neurofibroma of bone with pathologic fracture. jfj .f <liov.cd 

Eourth Ad>nission to the Hospital. — Roentgenograms of December ^ rvid' U''^ 

the bone plate to be bolding the fragments in good position, but there 



( ;A7;' /; \-h'l 'lu >— /'.N I'J 7 >. ; A' / // AV ).S /.s 


f'i45 

•ii li”' 'v.'iv ;ilHi.r|i!iou i.i li.inr iruiii tin- ailjart-iit surface^. Tlic imticiit wa,-- 

*bso" I'lntini;. a iiiiMiiiu-d ia'clilfr ualkiiit: iron hciiig used. Tijc 
oi d' ' ' 'I’C ndjaeriit uauinent'- wliieh ua'. in e\ideiice in tlie rocntgcnoiiranis 
Mav hr'ii'fo !narlcidl>. and tlic patient ua- readmitted to the liospital on 

'■ foentgen pietme at thiv tune wa*- t_\pieal of psendartliro.sis of tile tibia. 

J'”'e tile vitallinni plate, wliicli had hroken, was removed, 
g.^. '^^enpying tlie fraetnie ime. whieli w.i'. of gray glistening character, wa.' widely 

{jJ."'' ' h''t'ge hnne graft' removed from the opposite tihia were inserted in onlay 

'Oil with fixation hy vitallinni screw' after the technic ti'cd hy Boyd." 

/'•^'i"i'’-'<t‘‘'Oii ('/ ll:r 'J issur AViiiofcd <1/ //.•<• l oiirtli Of-crnlion. — Again, histologic 
od^barc'' ' ' from the site of nominion led to the iliagno.'is of recurrent neurofibroma 

-11 October la roentgenograms of the tibia showed solid union (fig. 10 A). 



"eeks'^aft ^°®"tScnograms, oblique and lateral rdews, made on Sept. 19, 1940, sixteen 

® small operative procedure. The fracture of the fibula is still ununited, although 

®'though^th°'l?^ callus has formed. The biopsj- defect in the tibia is almost obliterated, 
the fi t • region is more dense. The small rounded defect in the tibia is seen 

fs time. Note its position well below the site of the removal of bone for biopsy. 


The 


COMM EXT 


tibia under consideration presented bowing and pathologic fractures of the 

The " pseudarthrosis of the fibula, in association with neurofibromatosis, 
ttu manifestations of the neurofibromatosis included numerous cafe 

spots on the skin and a plexiform neuroma involving the radial nerve. 

\°tigh pseudarthrosis has been noted as associated with neurofibromatosis in 
•nstances, the actual mechanism bv which it occurs has not been demon- 


Boyd, H. B. • 
-'“'ot Sur 


Congenital 
23:497, 1941. 


Pseudarthrosis: Treatment by Dual Bone Grafts. J. Bone 
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stratcd. Moore stated ; “We believe that the condition of the nerve and the 
pseudarthrosis stand in the relationship of cause and effect, though the mechanism 
of the production is not clear.” In none of the reported cases of pseudarthrosis 
associated with generalized ncurofii)romatosis liave we been able to find a micro- 
scopic description of the tissue from the area of pseudarthrosis. 

In our case the pseudarthrosis seems to be associated directly with intraosseous 
neurofibromas which caused pathologic fractures of the tibia and the fibula and 
retarded or prevented bony union. The rounded defect in the tibia is interpreted as 
an example of the first step in the process, that is, the development of a neurofibroma 
within the bone (fig. 6). The evidence suggests that the ununited fracture of the 
lower end of the fibula had been preceded by the formation of a similar defect. This 



' I nec 

Fig. 7. — Anteroposterior and lateral views of the leg in a plaster sphnfi "'a ® 

1940, when the patient was readmitted to the hospital. There is a rather stnoo i 
fracture of the tibia at the level of the site of removal of the biopsy specirnen. J«s 
level there is a new fracture of the fibula. The old fracture of the fibula remain 
The rounded defect in the tibia, noted previously (fig. 6), is somewhat larger. 

fracture was caused by trauma so slight as to escape the notice of the tissue 

failure of the fibula to unite was due to the presence of nein ofibroma o 
between the fracture fragments. 

The first fracture of the tibia occurred in an area where tissue ha een^ dcnioti' 
for biopsy. Exploration of this fracture seventeen days after of th'® 

strated the presence of neurofibroma between the bone ends. After ex 
tissue with open reduction of the fracture and immobilization In m erm 
this fracture united satisfactorih'. 
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Ihc second fracture of tlie tibia ocewred in an area wiicre neuronbromatous 

'ill'the nthe^cf " ofogically prior to the fracture. This fracture, as 

c the othcis, occuned with htllc trauma and is attributed to the persistence and 

Worv iift i-s af"' incompletely excised at the time of the 

.enologicall) and at oi^eration, ^vhen the second open reduction with plating was 

"’creasing absorption of bone with frac- 

r I f 1 ’? ’'oentgen picture at this time u-as entirely typical of 

so-called pseudarthrosis of the tibia. ‘ ' 



Fig. 9.— Anteroposterior and lateral views taken June 5, 1941, ten days after mild 
/ new transverse fracture of the tibia is seen distal to the bone plate and at tlic site o a 
nopsy specimen of Dec. 23 , 1940. The defect created by the operation is almost ohhtcrn e , 
I ^ anteriorly just below the line of fracture. The fractures of Dcceii- 

ber 1940 have healed. 

Again exploration demonstrated the presence of recurrent neurofibroma. Ij’’- 
was widely excised and fixation tyas secured by means of dual bone grafts (b®.' '' 
with union following. 

The tissue remoyed from the area of pseudarthrosis of the fibula and froin 
regions of pathologic fracture of the tibia was in many areas indistinguisliaiilc 
scopically from that obtained at the biopsy of the localized osseous lesion ybic i 
unassociatod with fracture. All showed a similar structure, consisting of 
swirling, interlacing bundles of elongated cells, witii tlic miclci tending 
themselyes in rows or “palisades.” Only a scant amount of collagen was (bs""' 
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e ^^ccn the cell? aiul lielwccii tlio coll Iniinllc?. In the area? of fracture the adjacent 
nc showed definite ability to produce osteoid tissue, but the ncurofibromatous 
issue became interinin.eled aiuI incorporated with it. resulting in a poorlv calcified 
300 detective type oi ostcoiil tissue. 

It was suggested in our case that tlie intraosseous neurofibromas developed 
ncr\cs within the bone rather than from those of the periosteum. The perios- 
^Jngularjy free oi tumor tissue except in a sincrlo portion and tliat \vas 
c OI a recurrence of the tumor after a !)iops\‘ harl Iicen done in ilic area. 



Fig_ 2Q . 

the seco r '^^^"^Senograrn of Dec. 15, 1941, four and one-half months after the plating 
^tadence of of the tibia shows absorption of bone from adjacent surfaces, with no 

*^“^1 bone roentgenogram of Oct. 15, 1942, taken appro.ximately four months after 

sratfs, shows healing of pseudarthrosis. 


indicated tumor defect of the tibia (fig. 6), which the roentgenograms 

^®Parat H r' ^nutiediatel}’^ beneath the periosteum, was found at operation to be 
letter b}- a small shell of cortical bone 

^'ithin ti. ^°™3tosis arose in intraosseous nerve tissue, 
we bone has 


been demonstrated bv Stohr ® 


This would suggest that 
That nerve tissue e.xists 
and others. It is possible 


iHihrosi-Q I"- ■ peripherische ll'en'cnsystem. in von MoIIendorff, IV. : Handbuch der 

fin Anatomic der Menschen, Berlin, Julius Springer, 1928, vol. 4, p. 419. 
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lunvevcr, as pro])os(;cl by Jbvjok’s and L(;linian,'' lliat the neurofibromas may arise 
from the nerves of tite ))erios(eum, eiaxlc into tiie i)one and snl)scquenlly l)c covered 
by a shell of bone laid down by the ))erioslcnm, allhough this was not suggested by 
the findings in our case, 

'J'hc cause of the bowing of the tibia is not readily apparent. We have seen 
several other patients with bowing of a similar character in association with neuro- 
fibromatosis. 'J'he discovery of tumor tis.suc in the shaft of the bone might lead one 
to speculate as to the jwssibility of the presence of neurofibroma at the zone of 
enchondral ossification, causing inerinality of the rate of bone growth and coiiscqiieiit 
deformity. Under such circumstances, with progression of the growth zone away 
from the tumor, the normal rate of growth might be reestablished. No evidence 
to support this theory could be determined, as roenlgenographically no dcfiiiife 
defects in the tibia were demonstrated before the child was admitted to the hospital 
at the age of 7 years. 

'J'hc findings in this case have led ns to review the literature of “congenital 
pseudarthrosis,” and although there is considerable speculation on the nature of the 
])roccss, actual pathologic investigation has been relatively meager. In some 
instances of this condition “cysts” of the bone have been reported to have been 
demonstrated by roentgenograms prior to the occurrence of the fracture whicli led 
to the pscudarthrosis. 'I'liese cases have iieen considered from the rocnlgcnograplnc 
evidence as instances of a congenital form of localized osteitis fibrosa cystica.’ 

Wade ” reported several cases of congenital pscudarthrosis of the tibia, m 
some of which there was also bowing of the bone. He made no mention of netiio- 
fibromatosis as being a factor in his cases. Inglis’ examined the material from 
Wade's cases and dcscrilicd fibrous and filiroblastic tissue between the ends of the 
fragments "such as might be found in a simple connective tissue new growth, b’ 
his pajicr he jircsents ]ihulomicrogra]ihs of material from 2 of his patients ant 
describes the intimate intermingling of the “connective tissue” with the 
osteoid tissue in a manner which from the dc.scrijition seems to be similai to 
found in sections from the ununited fracture of the tibi.a in our case. It won t sccii^^ 
possible that the ]iscu<larlhrosis rc])orted by him may have been due to the piescii 
of a neurofibroma. 

In this connection it should be emphasized that the diilcrcntiation ° 
fibromatous tissue from fibrous and connective tissue of other origins 
difficult in many instances. On other occasions the cellular strucUnc an 
inent make the differentiation easier. In our ca.se the similarity of tlic 
the area of pscudarthrosis to that of the localized tumor of the bone, w iic 
definitely neurofibroma, assisted in the diffcrcntiatioii. . 

In cases of “congenital pscudarthrosis” search should be made ji„(i 

neurofibromatosis, including cafe au lait .spots, tumors of pcriphcia nm 
roentgen evidence of other bony lesions. '.I'he absence of iiiaiiifcstation.s 
fibromatosis ebsewherc does not exclude the possiliility of neurofilnoiiia o 

-1. Itroolcs, It., and Lcliinan, F.. P.; The Bone CIiaiiRc.s in I^eckliiitrhaiiscn s Nctiro 
inalosis, .SurR., Gyiicc. & Olist. 38;.')87, 192'1. ... t T 7 nrnt['cnol. 42:101- 

5. Scott, C. K.: Congenital Psendarllirosis ot llic I j 3-J:1021, lO'd- 

1939. Kite, J. II.: CoiiRcnital P.sciidarllirosis of Tihia and I'ihnia, Soutia . • Siirpeo"^- 

6. Wade. K. B.: So-Called Conf;cnil:d Pscndartlirosis of llic Jihi.i, J- 

.\n.strala.sia 1:181, 1928. • t Coll, fi'"'" 

7. IiiRlis, 1C : The Patliolosy of Conj'enila! Psendnrthinsis of ><• 
cron;;, Au'.tralasia 1:19.1, 1928. 
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as the ctioiogic factor in tlie _!:i\cn ca^c. «incc iiciirorihroma of bone has been 
cemonstratccl witlioiu rccopnir.abit.- lesions ciscwlicre.- 

The possibility that tiie je'-endarthrovis may be duo to the presence of neiiro- 
nbroniatous tissue should be considered at oiieralion in all instances of “congenital 
pscudartlirosis." Detailed studies should be made of the tissue removed at the 
operative procedure to demonstrate or exclude the possibility of neurofibroma, with 
^be realization that superficial examination may suggest the diagnosis of “scar 
bssue. It neurofibroma is jiresent. incomplete excision of this tissue may lead to 
lecurrcncc and thus be a factor in the failure of union. 

SUMMARY 

A case which presented bowing of the tibia and the fibula, pathologic fractures 
and pseudarthrosis associated with neurofibromatosis is reported. 

Pathologic examination revealed intraosseous neurofibroma as a factor in the 
production of the fractures and in the retardation or prevention of union. 

In cases of “congenital pseudarthrosis” the patient should be examined for stig- 
nias of neurofibromatosis, which include cafe au lait spots, extraosseous tumors and 
roentgen evidence of other skeletal defects. In operations on patients with “con- 
genital pseudarthrosis" the possibility that the process may be due to the presence 
° neurofibroma in the area should always be considered. If neurofibroma is the 
'^nse of the pseudarthrosis, incomplete excision of the tumor with local recurrence 
^^3 be a fa ctor in nonunion. 

c ^fisanto, D. A., and Burgess, E. : Priman- and Secondarj’ Neurilemmoma of Bone, 
«rg., Gj-nec. & Qbst. 71:454, 1940. 



PAIN IN TI-IE SHOULDER GIRDLE, ARM AND PRE- 
CORDIUM DUE TO FORAMINAL COMPRESSION 
OF NERVE ROOTS 


SAMUEL S. HANFLIG, M.D. 

Junior Visiting Orthopedic Surgeon, Beth Israel Hospital 

POSTON 

In a previous publication ^ attention was directed to a series of cases in wliich 
radicular pain radiating to the shoulder girdle, the arm and the precordium 
originated in the cervical portion of the spinal column and was due to arthritic 
changes. The symptoms and the diagnosis were discussed, and a suspension type 
of traction therapy was suggested. It was further suggested that overhead 
traction was of distinct value as a diagnostic aid. Particular attention was 
directed to the precordial reference of cervical radicular pain and to the necessity 
for differentiating this type of pain from true anginal pain. 

Since this earlier publication, it has been possible to study^ a much larger 
group of cases of the condition described, and an opportunity has presented itself 
to study and observe many other conditions which simulate this one in the syn- 
drome produced. It was accordingly deemed advisable to supplement the previous 
publication with an article emphasizing the differential diagnosis and the use of 
overhead traction as a diagnostic aid. 


PATHOLOGY 

It must be stated frankly that the mechanism of the impingement on nerve 
roots in these cases is still obscure. This is obviously due to the fact that it 
possible to sec l)y direct vision the changes responsible for the impingement. 
interesting suggestions have been offered, as well as some ingenious roentgeno ogic 
investigations. The hypotheses can be best understood if one first consi er 
briefly the anatomy of the cervical intervertebral foramen. 

The foramen is bounded anteriorly by the posterior surfaces of the 
bodies, which are covered by the posterior longitudinal ligament. The upper 
lower margins are formed by the concave borders of the pedicles of the 
and subjacent vertebrae. The posterior margin is the synovial mem rane 
ligaments of the apophysial joint. 

It has been suggested by Oppenheimer - that the foramen may be narro^^^^^ 
by a breakdown of any of the tissues that normally hold in place the 
form the foramen. Thinning of an intervertebral disk may represent sue i a > 
down. Whatever the cause of the thinning of the disk, it is obvious 
■space between the vertebrae diminishes, the height of the foramen 
The forward displacement of the superior articular process o t lateral 
vertebra which occurs must of necessity cause a similar decrease m 


diameter. 


1. Hannipr, S. S.: Pain in the Shoulder Girdle, Arm and Precordium 


T_ A. M. A. 


526 (Feb. 15) 1936. 28 : 5 ?^' 

2 . Oppenheimer, A.; (n) Diseases Affecting the Intervertebral r p 5 ciKlorhc"m.il'C 

592 (May) 1937 ;(b) Narrowing of the Intervertebral Foramin.a as a Lnu. 

Pain, Ann. Siirg. 106:428-440 (Sept.) 1937. 


652 


HAKPUG—I'ORAMIXAL tOMPKIlSAIOX OF XFLRl'E ROOTS 


653 


In the cervical portion of ilic ppinal column degenerative changes in the inter- 
vertebral disks occur most frequently from the fifth to the seventh cervical vertebrae. 
The fact that the nerve roots associated with these vertebrae are larger than the 
upper cervical nerve roots may explain the {rcqucncy of radievdar symptoms 
originating at these levels. It has been thought that spur formations and bridgings 
are secondan.' irritative phenomena incident to the narrowing of the disks and 
the approximation of bony surfaces. 

Oppenheimer further suggested that the foramen may be encroached on and 
narrowed by the formation of bony or inflammatory tissue. Into this group may 
fall primar}- apophysial arthritis with resulting thickening of synovial, ligamentous 
and periosteal structures. This concept may explain the manner in which a single 
trauma or chronic trauma due to malalinement or postural strain may produce 
radicular irritation. One must also think of a posterior exostosis occurring in 
such a location as to encroach on the foramen. 

Whichever mechanism is accepted as the one producing the narrowing of the 
intervertebral foramen, one must conclude that it is but a predisposing factor 
and that there is an additional inflammatorj- element superimposed on it. Other- 
U’ise, one could not explain the lasting beneficial effects of traction or high 
voltage roentgen radiation.^ One cannot expect traction or roentgen therapy 
to restore the thickness of a thinned intem-ertebral disk or to reduce the size of an 
exostosis. I take exception to a statement b}' Oppenheimer that “the consider- 
able narrowing of the foramen thus caused is quite sufficient to account for marked 
compression of nen-e roots,” and that “it is unnecessary to assume, under these 
conations, some additional inflammatory reaction of soft tissues — which, by 
the way, has never been observed at operation or autopsy.” There must be an 
added inflammatorj- factor. Traction affords relief by temporarily increasing the 
size of the foramen and allowing the neuritis caused by friction to subside. Similarly, 
high voltage roentgen radiation reduces the edema and congestion of inflammatory 
tissue and by doing so probably increases the foraminal space. 

CLINICAL PICTURE OF IMPINGEMENT ON NERVE ROOT 

Whether the cause of impingement on a neiA’e root is the increase in size of 
an exostosis, the narrowing of the foramen due to inflammatoiy encroachment 
or the thinning of an inteiA'ertebral disk, the clinical picture is always characteristic. 

The S3miptoms are much more frequent^ referable to the lower cendcal than 
to the upper cervical region of the spinal column. If the irritation is in the 
latter region, the pain begins in the upper posterior region of the neck and 
radiates up over the occiput toward the temporofrontal region. This pain is com- 
nionly referred to by the patient as a headache and is usualh- worse in the morning. 
It may be associated with a burning or an aching sensation in the occiput. 

If the symptoms arise in the lower certneal region, the pain is referred to the 
top and back of tlie shoulder and the outer border of the arm. From there it 
uiay travel into the outer aspect of the forearm, the wrist or the fingers. There 
’uay be parestliesias of any of the fingers of the hand. Commonh', however, these 
ore confined to the thumb and index fingers. The pain is often referred to tlie 
precordium and may simulate and be mistaken for anginal pain. 

The u-pe of sraiptoms produced is further influenced by the amount of impinge- 
sTT portion of the nerve root involved. Any portion of the ner\-e ro°ot, 

1 mo tor or even sympathetic, may be involved. Sensorj- are more frequent 

!itu’'\w’v '“'V Hv-pertrophic Osteoarthritis in the Cervical Spine with Radicu- 

• New \ork State T. ^red. 42:336-550 (Feb. 15) 1952. 
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than motor changes. Tins may he clue to tlic fact tliat the motor fibers of the 
anterior cervical roots arc fewer than the ]n:)stcrior sensory fibers, comprising a 
bundle only one-third the size of the latter. The degree of impingement may cause 
variation in sensory changes, from paresthesias and numbness to severe intractable 
pain. Similarly, if the motor fibers arc involved, there may he reflex changes, 
loss of strength, atrophy and even flaccidity. 

If the pain is well established, it is iisually influenced by one or more motions 
of the neck. It bas been .suggested that the cervical foramens narrow in flexion 
and open in extension. If this were .so, one would expect that such pain would 
he routinely made worse by flexion in all eases. 'Phis, however, is not so. In 
many jxiticnts the pain is acutely accentuated by extension ; in otliers, it is made 
worse by flexion, and in still others it is influenced by rotation. 

The pain is increased by anything that tetids to elevate the pressure within the 
spinal meninges, such as coughing, sneezing and defecation. If very severe, it 
m.ay even be influenced by deej) breathing and laughing. If the condition bas 
jjrogrcsscd for some time, the pain may become tmbearable. The patient usually 
carries the head stiffly and resists whichever cervical motion accentuates the pain. 
The pain is usually worse when the patietU is in the recumbent position. It 's 
not uncommonly so severe that ordinary doses of narcotics arc of little help. 


DIAGNOSIS 

If the symptoms that present themselves approximate those described in the 
foregoing section, it is important to make a thorough differential study, eliminating 
other disorders that can produce similar symptoms. This can be done by taking 
the history carefully, making complete orthopedic and neurologic exaininatioiis, 
including roentgen studies with particular attention being paid to special views, anc 
noting the response of the patient to overhead suspension traction (fig. 1). 

Roentgen Studies . — The roentgen projections should include; first, an 
jiostcrior view of the cervical part of tlic spinal column suflicicntly large to indue l 
the cervical ribs if they arc jircsent; second, a lateral view carefully takcii so 
that it visualizes clearly the lower cervical vertebrae ; third, an oblique view o 
each side of the cervical part of the spinal column. The securing of coiicc^ 
oblique views has been difficult. To secure satisfactory views one nii^t use 
meticulous roentgen technic. The technic has been carefully outlined by 
Certain important changes must be noted. Narrowing of the iiitcrvcrlcbi.a f 
is significant (fig. 2/i). Exosto.scs must be .sought for, particularly at tie p 
terior borders of the vertebral bodies (fig. 2B). Narrowing of the inleivci 
foramen must be noted, particularly ivbcn a.s.socialcd with narrowing o 
It is best .seen in the obliipic view (fig. 2 C). Prolrii.sion of exostoses into t u 
men may be visualized both in the lateral and in the oblique views. I lie 
of any visible changes does not jircclude the possiliility of impingeiiiciit 
root. The impingement may be due to capsular and ligamentous ,.jllv 

of course does not reveal itself by roentgenogram. Roentgenograms aic - 
taken in a single ]ilauc, and significant changes which are not seen iti 
ticular plane m.ay be overlooked. It bas been demonstrated that i}^p 
changes m.ay be extensive and roentgen evidence of the changes aiseii . 

Suspension Traction ns a Diagnostic Aid . — The re.s|wnse of ihc 'strikiu.? 

head siKspension tr.action (fig. I) is a di.agno.stic aid. '1 he appat.ilus i.is . 


.1. Fuclis, A. W.: Cervical Vertebrae, R.adiop. Clin. 1 V , I Its Kool'; bv IbT 

5. Parker, I I. 1... and Adson, A. \V. : Compression of .Spinal Cord and II. 
trophic Osteoarthritis, .''iirf;., Gynee. vS: Obst. 41:1-14 (Jan. 14) 
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psychotherapevitic cft'cct. In using ihc apparatus an attempt has been made to 
determine that type of response which may be judged to be psychic and to avoid 
this side effect if possible. 

The patient sits in the apparatus as in figure I, witli the heels resting lightly 
on the ground. Traction is applied until the buttocks swing clear above the seat. 
The patient has been previously told that when he is suspended his pain may 
diminish, disappear, increase or remain unchanged. He is asked to note any 
change while suspended and any further change on being lowered to the sitting 
position. 



Fi 


1. — Patient seated in the portable apparatus for overhead suspension traction. 


If the patient has friction neuritis due to narrowing or crowding of the 
foramen, as suggested in a foregoing section, the response is typical and constant. 
The patient will state that when he is lifted off the seat the pain diminishes or 
disappears. He will state further that it returns to its former intensity the moment 
he is lowered to the sitting position. Any variation of this response must be 
^lewed with suspicion. If the response is atypical, suspension traction should 
repeated a day later. Occasionally the correct response is not present at the 
original stretching but develops at the next stretching. A proper response to 
stretching assures an early cure by' traction in eveiy instance. A delay in tlie 
a^tor the patient is lowered is a side effect which has been found 

^ e psychic. This delay may vary from a few minutes to several hours or 
O'cn a dav. 
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IJn-l'EKENTIAL DIAGNOSIS 

fust be .iffeecuietc, 



Fig. 2. A, narrowing of ihc intervertebral disks with conipcnsalory spur forinalion. 
B, posterior exostosis of the sixth cervical vertebra. C, oblitjiie view dcinonslrating a nar- 
rowed intervertebral foramen 


A careful history noting the relation of the pain to motions of tlic shoiiWcr 
leading questions as to whether it is difficult or painful to remove the clothes 
or comb the hair will usually suffice. Examination of the shoulder in a scar#i 
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for sensitive points, restriction of motion nnd accentuation of pain on motion will 
further establisli whether tlic shoulder joint or any of its allied structures is the 
source of the pain. 

Ccn’ical Rib Syudroinc . — The average patient with a cervical rib syndrome is 
younger than the patient who has impingement on a nerve root. It is rare to 
see impingement on a nerve root due to foraminal compression much before the 
age of 35 to 40. The pain of a cervical rib is usually not felt in the neck but is 
more commonly felt only in the forearm and hand. The paresthesias in the hand 
are more likely to be confined to an ulnar distribution. They may, however, have 
a radial distribution. Here too the pain may be influenced by rotation and 
extension of the neck. It may be made worse by a downward tug of the arm 
and shoulder. There are frequentl}- vasomotor symptoms, which may vaix' from 
dusky discoloration to diminution or obliteration of pulses. Coughing and sneezing 
may accentuate the pain, probably by jarring the irritated and sensitive structures 
at the site of the cervical rib. The patient may hold the head stiffly and may 
dislike moving it. Frequently, holding up the affected arm passiveh’ with the 
other arm will relieve the pain. The response to overhead suspension is exactly 
what one would expect and is of diagnostic value. Pulling up the head produces 
the same effect as pulling down the arm and shoulder. Accordingly, the pain is 
made worse with suspension traction, and the patient states that the pain decreases 
when he is lowered. The diagnosis is further simplified by roentgen disclosure 
of cervical ribs. Therefore, although tlie history and the description of s}mp- 
toms may not make it possible to differentiate adequately a cer\'ical rib syndrome 
from the syndrome of impingement on a cendcal nen-e root, roentgen studies 
snd suspension traction do. 

The cervical rib syndrome has been relieved almost consistently by the wearing 
<3f an airplane splint. Shrugging exercises designed to develop and shorten the 
trapezius muscle are instituted as soon as the brace is applied. They do much 
to decrease the postural descent of the shoulder which precipitates symptoms. 
Thus the exercise does much to prevent a recurrence. It has not been necessary 
m my experience to resect a cervical rib or to divide a scalenus anticus muscle 
for the relief of pain. The following report concerns a case in point. 

A 27 year old man, married, first presented himself on Aug. 30, 19-10, vith a chief complaint 
of pain in the right arm associated -with numbness of the right thumb and forefinger. Twelve 
days previously he noticed pain in the right scapular region. Four daj-s later the pain traveled to 
the right side of the neck and radiated into the right arm and forearm. At the same time there 
developed numbness in the right thumb and forefinger. The pain had been made worse by defeca- 
tion, coughing and motions of the neck, particularly in extension. He had noticed loss of 
strength of the right hand. 

The patient was well developed and well nourished. He held his neck stiffly, with his head 
inclined fonvard and to the right. Rotation of the ceiwical part of the spinal column to the left 
or hj-perextension of this part of the spinal column accentuated the pain. The right shoulder was 
normal.^ The radial pulses were equal. Overhead suspension increased the pain strikingly, 
fhe pain returned to its previous state when the patient was lowered. 

. roentgen e.xamination made on August 30 was reported as follows : “There is a cervical 
rib on each side. The supernumerary ribs are unusually long, particularly that on the left side.’" 

The patient was put into an airplane splint, and his condition responded promptly. The 
bcute sj-mptoms subsided in one week, and the residual symptoms disappeared in one month. 

Comment: To be noted are the aggravation of the patient’s pain by coughing and defecation. 

otions of the neck and suspension traction. 

_ Aniicus Syndrome . — This syndrome is not as common as one would 

'expect from the extensive literature on the subject. In mv experience the diag- 
nosis has been made rarely, and when it was made there wa.s some doubt as 
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to the existence of such a clinical entity. When the syndrome is judged to be 
present, the observer notes that the symptoms are essentially those seen with 
the cervical rib syndrome. It responds to the use of an airplane splint and to the 
exercises already described. Overhead traction accentuates the pain. 

It has been possible occasionally to cure the condition by intermittent sus- 
pension traction in spite of the early accentuation of pain. This may be due to 
eventual stretching of the scalenus anticus muscle and release from its constricting 
effect. As for aii)^ tenderness over the scalenus muscle, so often described, it has 
been found to be of no help as it is a fairly constant normal finding. Nachlas 
in a recent publication disputed the occurrence of a scalenus anticus syndrome 
and suggested that cutting of the scalenus anticus muscle allows easier extension 
of the cervical part of the spinal column and that this in turn opens the inter- 
vertebral foramen and relieves pressure on the nerve root. I am not prepared 
to agree completely with him in regard to this conclusion, but the anatomic con- 
siderations and reasoning expressed in the publication are interesting and highly 
suggestive. 

Ruptured Intervertebral Disk . — The symptoms of foraminal compression must 
of course be similar to those produced by herniation of a cervical intervertebral 
disk. It was possible to stretch a patient with this lesion in the suspension 
apparatus. There was considerable speculation as to whether marked traction 
such as this apparatus affords could relieve the symptom momentarily or perhaps 
allow the disk to shift position so that it might no longer produce symptoms. 
There was no relief when the patient was suspended, and the response was not 
typical. Traction of this sort was continued for several days without any par* 
ticular relief. There was a rather unusual psychic reaction to the traction. I ’6 
night following the first period of traction the patient slept well for the first time 
in several weeks. Subsequently the involved region was exploited for a rupture 
intervertebral disk, and one was removed, with complete cure of the symptoms. 
Another case may be cited in illustration of this condition. 


A 45 year old man was first admitted to the neurosurgical service of 
Mixter, in Boston, because of a pain in the left side of the neck and in the left costoc 
area, radiating into the left arm, forearm and left second and third fingers, witli 
and paresthesias of these two fingers. This pain had been present for eight weeks, i le Ij' 
stated that it was made worse by coughing, sneezing and defecation. There was no 
preceding its onset. _ _ . t {l,c 

The patient held his head rigidly in the forward and flexed position. All mo lo , 
neck were restricted. Extension of the cervical part of the spinal column ,.p]Qgic 

The motions of the shoulder joint were normal and did not influence the pam. ^,,(1 

examination revealed nothing but hyperesthesia to pinprick and hypesthcsia to 
vibration in the second and third fingers. . , per 

Spinal fluid obtained by lumbar puncture revealed a total protein content jisk 

hundred cubic centimeters. A tentative diagnosis of possible rupture of an tliis 

was made, and the -patient was discharged to his home on September 21. Vircc 
discharge he was seen in my office. _ .. Traction 

His response to overhead traction was atypical; i. e., the pain was not re i 
was continued for four days and then discontinued. On October 8 the -jIj jodized 

to the hospital, to the service of Dr. William Jason Mixer. Roentgen stu seventh 

poppyseed oil were carried out, and an extramedullary lesion between the si.x protrud- 
cervical vertebrae was disclosed. On October 13 laminectomy was done an with 

ing between the sixth and seventh cervical vertebrae, on the left side, nas 
complete cure of symptoms. _ might c.vpcct 

Comment ; The physical findings and the history arc identical with " 
with impingement on a nerve root. The suspension traction response is afjpi * • ^ ^ 

6. Nachlas. I. W. : Scalenus Anticus Syndrome or Cervical Foraminal Comp 
M. J. 35:603-666 (July) 1942. 
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Neurofibroma oj a Cervical Nerve Root.— The. symptoms caused by a fibroma 
of a cervical nerve root may completely simulate tliose of tlic condition being 
discussed, and clinically the two conditions may be indistinguisbable, particularly 
early in their development. As the neurofibroma increases in size, the develop- 
ment of neurologic signs below the level of the lesion is of considerable diagnostic 
aid. A patient was seen whose symptoms were not unlike those that one expects 
■with impingement on a cervical nerve root. The patient received overhead stretch- 
ing. The response was atypical. After four days of overhead stretching, lumbar 
puncture and roentgen studies with iodized oil were carried out and revealed 
a large filling defect. It is interesting to note that a careful neurologic examina- 
tion made after the patient was referred for studies b\- lumbar puncture revealed 
unmistakable signs below the level of the lesion, suggesting a lesion of the spinal 
cord. A report of this case follows. 

A 47 year old man was seen early in April 1936 because of pain in the right hand and 
posterior aspect of the right shoulder of two years’ duration. The pain was made worse 
f>y hyperextension, coughing and defecation. 

Examination revealed restriction of c.xtension of the cervical part of the spinal column 
■'vith accentuation of the pain on forcing extension. The motions of the shoulder joint were 
normal and did not influence the pain. There was slight atrophy of the muscles of the right 
ann and shoulder girdle and some weakness of the right hand grip. Response to overhead 
traction was atypical. 

Traction was continued for four days without relief. The patient was then referred to 
the neurosurgical ser\-ice of Dr. William Jason Mixter. A careful neurologic examination 
revealed Hoffmann’s sigtt on the right side and absence of the abdominal and cremasteric 
reflexes on the right side. Spinal fluid obtained by lumbar puncture revealed a total protein 
content of 220 mg. per hundred cubic centimeters. Roentgen studies with iodized oil revealed 
a filling defect on the left side, and on June 25 a large neurofibroma was removed, with 
cure of the symptoms. 


Paralysis of the Serratus Anterior Muscle . — Paralysis of the serratus anterior 
muscle when due to trauma may produce pain in the neck radiating to the upper 
scapular region and to the arm. The pain may be referred from there into 
the hand and may be associated with paresthesias of the fingers. It is not influ- 
enced by motion of the shoulder joint. It may be accentuated by hyperextension 
of the neck. It is not influenced by coughing, sneezing or defecation. The patient’s 
response to stretching of the neck is atypical. 

This condition may result from anything which produces a sudden dowmward 
thrust of the shoulder. I have observ^ed it following the carr}'ing of hea\y logs 
On the shoulder. In another instance it was observed following the carrying of 
lods of coal b}’- a patient who was physically unused to such actirit}*. It was 
seen again following an effort to replace on an overhead shelf a large mixing 
owl that threatened to fall, by an upward thrust of the palm and outstretched 
arm. The condition is eas}- to diagnose if one remembers to ask the patient to 
reach forward with the affected arm. If the shoulders are wew'ed from behind, 
tiere is characteristic winging of the scapula (fig. 3). The condition usually 
responds to the carrj-ing of the arm in the airplane position. Recovery is 
usually complete. The following report illustrates the differential diagnosis. 

of because of a pain in the left ride 

fincer forearm and associated with numbness of the 

shoulder'’^ Two weeks previously he had carried some hea\w logs on the left 

was re.vV. j '^oushing, sneezing or defecation. The patient 

'-rrea lor treatment with a diagnosis of cervical radiculitis. 

cerviur’"^,^'®? ‘*’9 Pat'cnt’s left shoulder gave negative results. H>-perextension of the 

ovcrhc.id -iccentuated the pain. There was no relief of the pain with 

.u-pcnsion. The neurologic examination gave negative results. When the patient 
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reached forward with the left arm held horizontally at the level of the shoulder, there was 
extraordinary winging of the scapula. 

The patient carried his arm in an airplane splint. The pain declined rapidly, and the 
winging disappeared in two months. 

Postural Cervical Strain . — Forward carrying of the head may produce a strain 
of the cervical spinal muscles with pain in the back of either side of the neck or 
in both sides of the neck, radiating into one or both arms. There is no accentua- 
tion of the pain with coughing or sneezing. The pain is obviously not due to 
irritation of a nerve root. There may be some discomfiture with certain motions 
of the neck, due to the tight and shortened structures which are incident to poor 



Fig. 3. — Winging of the scapula due to paralysis of the serratus anterior mos 


value 


posture. It is easy to recognize these cases. Traction has been of 
in stretching shortened structures, particularly if accompanied by pos ura ^ 

Angina . — ^The reference of pain to the precordium with 
cervical nerve root has been responsible for a not uncommon mista 
of disease of a coronary artery. The reference of pain to the precor orig'" 

explained by Nachlas," who stated that the medial anterior Jatcral 

nate in the eighth cervical and first thoracic spinal segments vv n e 
anterior thoracic nerve originates in the sixth and seventh cervica no 

that these nerves and their branches are motor nerves (i. an 

sensory fibers) but that they “can possess protopathic sensations ^ ^ 

7. Nachlas, I. W. : Pseudo- Angina Pectoris Originating in (he Cervical Sp’ > I 
103:323-325 (Aug. 4) 1934. 
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irritation of them may produce a diffuse yet definite pain referred to the terminal 
portion of the nerve. The absence of a history of pain on exertion and the 
presence of pain with motions of the neck tend to rule out disease of a coronary 
arteiy. Similarly is this true of the continuation of pain for days without con- 
stitutional sr-mptoms or other cardiac signs. The relief of pain with suspension 
traction is a diagnostic aid. The thoracic pain of angina when referred into the 
arm is more likely to be referred along the inner aspect of the arm, whereas 
radicular pain is more commonly referred from the cervical part of the spinal 
column along the outer border of the arm. The differential diagnosis, however, 
may at times be somewhat difficult. Electrocardiographic studies are of value. 

Hypertrophic Arth-itis . — Osteoarthritis of the cervical part of the spinal column 
may in and of itself, without impingement on a nerve root, be responsible for a 
variety of cerr-ical symptoms. These are usually pain and stiffness of the posterior 
part of the neck, particularly on arising in the morning. The pain may be referred 
to the occiput, the back of the shoulders or even into the arms. The reference 
of pain is not due to irritation of ner\-e roots but probably occurs in the same 
manner that osteoarthritis of the hip causes pain to be referred anteriorly along 
the thigh to the knee. The pain is not made worse by coughing or sneezing. 
There is no release of symptoms with overhead suspension traction. 

Too often the presence of pain and stiffness of the neck associated with 
roentgen findings of osteoarthritis leads to a diagnosis of compression of nerr-e 
roots when none exists. 

These patients are helped by overhead traction but fundamentally in the same 
manner that traction helps any osteoarthritic lesion. 

Neurosis . — If one has the opportunity to see large numbers of patients with 
s}Tnptoms referable to the neck, it becomes apparent that the neck is often selected 
as a site for neurotic symptoms. A tight, drawing sensation in tlie back of the 
neck or a comnetion that something is out of place is not an uncommon mani- 
testation of emotional exhaustion and maladjustment. The psychic value of over- 
head traction in this type of patient is marked, if one wishes to use it with 
positiveness and assurance. It is equally as effective as the supposed manipulative 
reduction of a supposedly displaced vertebra. The author has experimentally 
stretched some of these patients uith good results. 


TREATVIENT 

Once traction has been decided on as necessaiy' in the light of the history, 
the results of phj’^sical examination and roentgen studies and the response to 
overhead suspension traction, one has a choice of two types. The suspension type 
of traction can be continued or it can be replaced by traction in bed. I have 
preferred to use repeated overhead stretching. The apparatus used for it is a 
collapsible portable tripod (fig. 1). It can be, used in the home, the office or 
a hospital. A simple but substantial overhead hook or beam to which a set of 
Pmleys and ropes can be secured is equally effective. The traction is usually 
earned out by the physician. Once intelligent patients have become familiar with 
technic, they can earn.- out the treatment at home. Traction will relieve 
patients of most of their pain in four to seven days, after which there is gradual 
’sappearance of the residual pain through a period of a week to ten davs. The 
abo'^t^V^ ^ hivo and then lowered. This is reputed for 

uen'cl ? minutes. This constitutes one treatment period. The sus- 

1 -ion treatment is followed by an application of heat and massage to the neck 
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muscles. The average case calls for three stretching periods on each of the first 
wo eaci of the next two da 3 's, and then the}”^ are spaced out as 

needed. A Thomas collar has been used occasionally. 

This type of traction has three advantages: It permits the patient to be 
ambulatory ; it does not require admission to a hospital. When effective, it is rapid. 

or patients who have become difficult to handle because of long-standing pain 
and for others who prefer bed and hospital care, traction in bed is a good substi- 
tute. This type of traction can be carried out effectively in a cardiac bed by 
using Its tilting mechanism as suggested by Dr. Armin Klein (fig. 4). The same 
e ec may e secuied by elevating the head of the conventional bed on blocks 
or on a chair. Traction is maintained by the use of 5 pounds (2.3 Kg.) on each 
arm o tie a 3 oe sling, or Ity a 10 pound (4.5 Kg.) total weight if one uses a 



Fig. 4. — Continuous traction applied by the use of the cardiac bed. 


crossbar to allow the patient to turn from side to side while maintaining traction. 
Traction is continued for two hours, after which the patient is allowed a rest o 
twenty minutes. This procedure is carried out alternatingly throughout the 
If the patient can sleep in the apparatus, he is encouraged to do that. 

Recovery with this type of traction is slower than with the overhead type. Man} 
patients find it extremety difficult to stay under continuous traction in bed, scat 
they are uncomfortable. 

As to the possibility of danger incident to overhead traction, one can sta c 
that it is a technic that can be utilized without fear. It is perfect!}'^ sa ^ 
may even be carried out by the patient's family after they have been f 

in its proper use. The period of elevation must be short, the ropes usea 
be of good quality, and if an overhead hook or beam is used as ^ 
which to hang the apparatus, it must be secure. If the patient has 
plates, it is ’wise to have him bite on a flat sterile sponge during c c . 
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SUMMARY 

Pain in the shoulder girdle, the arm nr the precordiuin may he due to foraminal 
compression of a cervical nerve root. The diagnosis is suggested by pain unin- 
fluenced by motion of the shoulder and dehnitely related to motion of the neck. 
The pain is usually made worse by anything that increases intramcningeal pressure, 
such as coughing, sncer.ing and defecation. The condition responds to overhead 
suspension traction or to traction in bed. The technic of suspension traction is 
described, and its use as a diagnostic aid is emphasized. 

The condition must be difTercntiated from many other disorders whicii can 
produce similar .symptoms. Tlie difTerential diagnosis is not diflicult. A careful 
taking of the history is necessary. The examination must be complete and must 
include a thorough neurologic study. The response to suspension traction is a 
distinct diagnostic aid. 

371 Commonwealth Avenue. 



THE CENTRAL BONE GRAFT IN JOINT ARTHRODESIS 


R. N. HATT, M.D. 

SPRINGFIELD, MASS. 

About two years ago there was presented before the American Academy of 
Orthopedic Surgeons a brief communication on the technic of using a central bone 
graft in arthrodesis of the knee or the ankle. ^ The procedure was developed at 
the Springfield Unit of the Shriners’ Hospital for Crippled Children in 1929, and at 
the time of reporting 10 patients so treated had been followed through their period of 
growth and the relative leg lengths were compared with those in a like series in 
which arthrodesis had been achieved by other methods, chiefly the Hibbs method. 


Summary of Daia on Forty- four of a Total of Si.rfy-Scvcn Patients Treated by 
Arthrodesis of the Knee or the Ankle 


Knee 

A 

Shortening, 

Age Inches 

at , , 

Opera- Pre- Post- Pollow- 


Patient 

tlon. 

opera- 

opera- 

Up, 


Yr. 

tive 

tive 

Tr. 

Diagnosis 

D. B. 

5 

bk 

% 

4 

Tuberculosis 

E. E. 

S 

Vz 

Vi 

5 

Tuberculosis 

J. D. 

14 

2 

2 

2 

Poliomyelitis 

W. B. 

10 

% 

0 

4 

Tuberculosis 

0. K. 

9 

% 

0 

4 

Tuberculosis 

A. N. 

13 

% 

0 

0 

3 

Sepsis, old 

J. A. 

10 

% 

4 

Tuberculosis 

E. Mac. 

6 

0 

Vz 

5 

Tuberculosis 

C. St. L. 

11 

0 

0 

3 

Sepsis, old 

E. H. 

4 

0 

0 

4 

Tuberculosis 

E. E. 

Average 

12 

% 

0,5 

% 

0.2 

2 

Tuberculosis 


Previously reported cases of arthrodesis of knee, 10; 
total 81 


Grand total 67 

ii 

With Insufficient data because too 
recent 23 


Ankle 


Age 


Shortening, 

Inches 


Patient 

at 

Opera- 

tion, 

Tr. 

pre- 

opera- 

tive 

^ - - 

Post- 

opera- 

tive 

L.D. 

10 

% 

2% 

M. B. 

12 

1% 

% 

J. D. 

13 

% 

0 

H. B. 

13 

2 

2 

S. P. 

15 

1% 

% 

P. P. 

12 

2 

2 

B. M. 

13 

2 

2% 

P. H. 

11 

% 

Iti 

A. P. 

14 

2% 

1% 

J. D. 

13 

1% 

% 

B. K. 

12 

% 

% 

P.B. 

14 

1% 

1% 

J. C. 

15 

2 

2 

S. B. 

14 

4 

4 

E. N. 

6 

0 

0 

N. P. 

13 

za 

2 

B. 0. 

12 

1 

1 

D. M. 

16 

2 

1^ 

B. McD. 

12 

% 

0 

J. McN. 

12 

1% 

1^ 

J. o. 

14 

1% 

1% 

D. B. 

12 

1% 

2 

P. B. 

12 

2 

1 

Average 


1.6 

1.3 


FoIIOTV- 

?r.’ Diagnosis 
4 PoUomyeiitjs 
4 pollomychp 

g Tuberculosis 
g Poliomyelitis 

1 Poliomyel t s 

g Poliomyelitis 
g Poliomyelitis 

4 Poliomyel t s 

2 Poliomyelitis 

g Spina bifldn 

g pollomyets 

3 Poliomyel t s 

1 Poliomye lt s 

5 Pollomyeitls 

4 pollomyelftj^ 
g Poliomyelitis 

2 Poliomyel tis 

1 pollomyellts 

2 Pollomyc |t s 

2 Poliomye t s 
2 Poliomye 1 3 

2 Poliomyelitis 
2 Poliomyelitis 


Total number of cases ( 


The average age at operation was approximately 9 years, and t e 
inequality of leg length in both groups amounted to about 1 inch (2.5 cm.;. _ j 
fore, it appeared evident that a bone graft crossing the central part of t le epip 


disks did not arrest growth 


ics aiQ not aricsL gi uwur. _ _ hna- 

At the time of reporting these cases I was not able to offer a scienti c 
tion in support of the indisputable clinical evidence that interference wi i 
did not result from the procedure. Naturally this led to considerab e ou 
be doubted by one’s friends is distressing, if not entirely damning. ""fongitudinal 
extremely gratifying when Aries = showed experimentally that t e 
growth of bone does not take place in the form of lines parallel o 


1. Haft, R. N.: J. Bone & Joint Surg. 22:393 (April) 1940. 

2. Arks, L. J.: Surg., Gynec. & Obst. 72:679 (April) 1941. 
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disk but by successive cones from tlic endosteal surface, cacli new cone having for its 
base the peripheral portion of the disk and possessing a wider perimeter than the old. 

Sixty -seven operations of the type previously described have been recorded at 
the Shriners’ Hospital, and of tlicse *14 arc sufficiently complete as regards pre- 
operative and ixistopcrative measurements and follow-up to permit further evalu- 
ation of the method. The accompanying table is more or less self explanator}'. 

It will be noted that the average age of patients treated by arthrodesis of the 
ankle is considerably higher than that of patients treated by arthrodesis of the 
knee. The indication for operation in the former group was talipes calcaneus with an 
associated quadriceps weakness, the slabiliz.ation of the ankle and the foot permitting 
one to discard supportive apparatus. The number of cases selected for the operation 
indicates the regard for its usefulness at the Springfield unit of the Sliriners’ Hos- 
pital for Crippled Children. 

SU-MM.VRY 

Further evidence is oftcred that a centrally placed graft does not cause arrest- 
ment of growth. The usefulness of the procedure justifies the opinions previous!}^ 
stated. 

l-W Chestnut Street. 



HENRY JACOB BIGELOW, ORTHOPEDIC SURGEON 


GEORGE H. JACKSON Jr., M.D. 

EVANSTON, ILL. 


V day of November 1846, dawned cold and cloudy in Boston 

and the cheerless sky was leaden throughout the day. Darkness was upon the town 
core la a tei and the cold wind began to blow from the bay, with the 

^ walked about the quiet streets, and the 

latter ot an occasional carnage seemed to intensify the unpleasantness of the weather 
oy raismg dismal echoes ordinarily muffled in the bustle of the busy thoroughfares, 
n ummer treet, the cheery glow of parlor lights meant that most of the good 
neighborhood were staying indoors for the evening, but at 
^nry Jacob Bigelow bundled into his great coat and ventured forth 

0 ma e a call. He walked up to \'Yashington Street, where a north turn and a 
ew more steps brought him to Bromfield Street, turned into Province Court and 

Montgomery Place, where he stopped before no. S and knocked. 
^ ^^^ltmg to be admitted, he noted the neat lettering on the doorplate— “Dr. 

, ■ Hfflmes and felt the pocket of his coat to assure himself that he still 
la with him the fold of papers he had taken from home. 

r. Holmes came to the door, greeted the visitor cordially and led him to the 

1 rary where the Autocrat’s comical smile and friendly manner seemed the more 
p easant because of the bright glow which came from the fireplace and danced over 

e led carpet and made grotesque shadows behind the statues of the “Fighting 
G adiator and the “Dying Warrior” on top of the bookcases which lined the room. 
Titian^s portrait of Vesalius looked down from the wall, and Rembrandt’s “Three 
Trees was obscured in the shadow at a distance from the fireplace. Bigelow laid 
the fold of papers on the green-covered drum table, and host and guest settled into 
great armchairs to enjoy the warmth of the fire. 


All about the room were books, some of which had belonged to Holmes’s father, 
author of the highly regarded “Annals of America,” and there were copies of 
Holmes s Poems” and of his “Old Ironsides,” once printed as a handbill by a 
Boston newspaper and so widely circulated that an aroused public sentiment saved 
the historic ship from proposed abandonment and dismantling. A copy of The 
Contagiousness of Puerperal Fever” was there too, still unaccepted and refuted 
by leading obstetricians three years after its publication. Most of the books in 
the library dealt with anatomy, and the great folios with their fine plates and stout 
bindings were the very ones which Harvard medical students may see fodaj^ > 
they visit the library in the anatomy building. 

Books were familiar friends to Bigelow too, and his father was also a writer, 
whose essay “On Self -limited Diseases” and handsomely illustrated ' American 
Medical Botany” had been, classic contributions to a growing American scicnti ic 
literature. The younger Bigelow had been awarded the Boylston 
years before for his "Manual of Orthopaedic Surgery,” and the purpose of 
A isit to Holmes this CA^ening AA'as to seek the opinion of a valued friend on the men 
of another article that had been prepared in the short space of tAVO weeks. 

The friendship betAveen Holmes and BigeloAV began shortly before 1S3S, 
firmly established during the year BigeloAV spent in Hanover, N. H., ^ .^1 

ing the course of lectures on anatomy which Holmes gave at Dartmouth ^ 

School, and endured for Avell over half a century. There Avas much in con 
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\ tho <nii of a well known writer and himself an 

between the two men; each \\ as 1 1 • School and had enioved tlie benefits 

autlion both had attended Harvard . ( completion of which they 

o! pos.sm<lu,-..c «orl< on i1k ° l.p!;r,a.,cc i,. .heir aLm 

had returned to Borton to aeriime tc. ,1 >Insaac!utselts General Ho?- 

mater and .staff appointments ot between Holmes’s and Bigelow’s 

pital. A further bond was the coidiaU < ^ American edition of 

father, who had collaborated ni 1< jj of yicdicine." It was 

Marshall Hall’s “Principles of the leor) an ^ he believed of utmost 

natural then, when he had ^‘'thr.advicc and mmouragement of his dear 

importance, that Bigelow should .ctK 

friend the professor. _ recounted the stora- 

_ As the two sat facing cac i o icr ^johu^etts General Hospital on the 16th 
ot the great discovery disclosed at the . . _ sur-ical amphitheater when Dr. 

ot October past. He had been pro. ^ demonstra- 

John Colhns arren had allowed . anesthesia bv inhalation, and it had 

tion of a new method ot be abolished and the sur- 

been a complete success. I am dur. i p of the body 

pon would be permitted to t,,e Kill significance nor the vast 

heretotore inaccessible to overlooked bv Bigelow, and he had 

potentialities of this new gift to sur^eri 'jc demonstrated 

become an enthusiastic devotee of the inhalation ot ^ther ana a 

the safet)- of the procedure by trequently admimsteni ^ oaner he had prepared 
told Holmes that L the following day he would die paper m Prepared 

at the monthly meeting of the American Academy 

apparently received the unreserved endorsement o greatest 

was presented to the world the first P^*‘^ ^nd mental torture which 

contribution to medicine, emancipation from p cimnlest of surgical 

for centuries had been the inevitable conconutant of all but the simplest snrgica. 

No printing of Bigeloiv’s paper was "y HundrTd an? Se’venty 

Arts and Sciences, but m lSa2, under the neaa « mven- “Dr. 

Eighth Meeting, November 3, 1 ^ 46 /’ the fo inhalation employed by 

Henr)- J. Bigelow gave some account of a nev P performance of 

Dr. Morton, of Boston, to Produce i^sensibl ^ P prfnted the whole 

operations by the dentist and the surgeon. H d « Pj important 

address shortly after its deliver}- by Bit,elou , Un«-pvpr the first printing 

writing would hare been made a very simple matter. 

of “Insensibility Dnring Surgical Operations Produced y InMyon ageared 
in the issue oKthe Boston Medical and Singica oiuna^ nfafinn' of the ^oeech 
the conscientious bibliophile will want both the 

and the number of the aforementioned journal tor A'ovember IS P^abl) because 

of the great demand for copies of this number ot tie jouma , i v original 

in the year. This item is rarely encountered and is easily mistaken for the ong^na 
■ issue. A fourth item plagues tlie avid collector, the separately issued repnnt of 
Bigelow’s paper, an eight page pamphlet without a wrapper, existence of which 
was unknown until a few years ago. when a number of copies were uncovered m 
Boston. 

Bigelow contributed several important works on anesthetics, among them an 
analysis of the relative merits and dangers of ether and chloroform, wluch appeared 

k Proceedings of the American Academy of Arts and Sciences, Boston, Metcalf S: Co., 
^S52. vol. 1. p. 3S. 
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in 1848, and an accurate historical review of the development of inhalation anes- 
thesia in 1876. The first student’s textbook to contain a chapter devoted to the 
use of ether was R. U. Piper’s, “Operative Surgery, Illustrated,’’ printed in Boston 
in 1852,“ The author dedicated the book to Bigelow, acknowledged his indebted- 
ness to both Holmes and Bigelow for the use of books from their libraries in 
preparation of the volume and reprinted in its entirety the latter’s “Anaesthetic 
Agents,” which had been prepared at the I'equest of the Surgical Committee of 
the American Medical Association. In this paper Bigelow prophesied that the 
duty of administering ether “will soon be recognized as involving an entirely 
distinct responsibilit}’’ from that of the surgeon who performs the operation.” To 
Bigelow must also be accorded the honor of having transmitted the first corn- 
munication of the new ether discovery to reach Europe in his letter to Dr. Francis 
Boott, of London. 


Well known as are his writings on anesthesia, Bigelow gave to American medical 
literature several classic contributions in other fields, particularly on surgical repair 
of bones and the removal of stones in the bladder. His intense interest in surgical 


problems dated from his early manhood, and it is related that when Dr. James 
Jackson tried to persuade the young man to follow his best advantage and choose 
a medical career in the footsteps of his father, the reply was, “I’ll be damned if I 


won’t be a surgeon.” 

The medical student of a century ago followed the apprentice system then^ in 
vogue, whereby he studied under the private supervision of a preceptor for a perio 
of three years, during which he attended two or three courses of lectures at ^me 
recognized medical school before taking a final examination for the degree. Fur 
suant to this custom, Bigelow began his medical education in the office of his 
continued study in Paris, France, for several years and returned to Ameiica 
take his degree at Harvard University in 1841. Intensive application and c os 
observation had made Bigelow highly competent in the then new arts of auscu 
tion and percussion, and his equal as a microscopist was not to be foun 
New England. At the time of his appointment as surgeon at the 
General Hospital he had become recognized as a most careful, deliberate 
petent surgeon, whose ingenuity in devising improved operative tecmics 
designing or modifying existing surgical instruments and appliances ,, 

less. It is recorded by Dr, H. IT. A. Beech that at one time there was i 
instrument in the cases of the operating room of the Massachusetts 
pital which had not been designed by the masterful chief of s^'ice or w 
not show some new advantage from Bigelow's having worke^ wi i i • 
such improvement were tourniquets for the arm, wrist and t iig i, <}evice 

handles for drills, retractors for use in amputation, arterial creeps vi 
for disengaging ligatures, an operating chair, an apparatus or angu a 


and a most complete autopsy table. jtciu^» 

Although the bibliography of Bigelow’s papers^ lists some f‘^°^^ljopcdic 
they are confined chiefly to the fields of anesthesia, litho apaxy j844 the 

surgery, and it is on the last group that present interest is cen ' „ ^yj-jtten 

Boylston Prize was won by Bigelow’s “Manual of Orthopae ic is 

in answer to the assigned question, “In what cases, and o w ^gfQrmity or 
division of muscles, tendons, or other parts, proper tor the re i 
Inmpnpc:*; This book was a tall octavo, bound m eitlier niiestion 


aivision oi iiiusi-ics, _ biacK 

lameness?” This book was a tall octavo, bound question 

and of about 200 pages. It covered a scope far wider th comprehensive 


and of about 200 pages. It covered a scope tar wmer u comprehensive 

designated, and was a most carefully written composition, th 

T? f 

2. Piper, K. U. : Operative SurRcry Illustrated, Boston, Ticknor, 
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preiciitntion of the snl)jccl of ortliopcdicp in tlie United States. IMiich of the 
material of the honk dealt with sni'jcct.< n<'t now considered within the province 
ot orthopedic care, such as the chajUers on strahisnius and stammering, though 
die former was the most complete discussion that had yet heen printed in America, 
snd the latter gave full evidence of the author's thorough understanding of the 
complicated mechanism involved in the mechanics of speech. Bigelow's discus- 
sion of tenotomy, torticollis, clubfoot, spinal curv.ature, contractions of the hand 
and fingers, and the appendi.x. with its instructions on the use of plaster for making 
casts, IS now of only antiquarian interest, since it is no longer the custom to 
inde the genioglossus muscle to aid .an unfortunate stammerer or to cut the 
ateral ligaments of the knee joints of rachitic children with knock knee. The 
manual is, however, still a work of historical value for the comprehensiveness of 
Jts presentation of the many operations in use at the time of its publication and 
lurnishes a noteworthy picture of the best contemporary French surgery. One 
statement in regard to the treatment of clubfoot Bigelow caused to be printed in 
aics: ‘\Vhen in distortion of long st.anding. with a certain degree of motion 
> remaining in the joint, a tendon evidentlv hinders the limb from assuming 
a normal position, it should be divided.” 

The first attempt at resection of the head of the femur to be made in this 
country was reported b\’ Bigelow in 1852. The patient was a young boy with 
'' at was apparently tuberculosis of the hip joint complicated by a large abscess 
P°^^^cior dislocation of the femur. In the belief that removal of the upper 
n of the dislocated bone would hasten repair of the abscess present, a preoperative 
ccision was made to attempt a hitherto untried method of treatment. Although 
patient failed to return to health after operation, great credit must be given 
un^e.^Y^^°^ for his courageous pioneer attempt in a field of surgerv' previously 


J^ouaiy meeting of the Boston Society for IMedical Improvement in 
^ > Bigelow exhibited a specimen of stellate crack of the radius removed from 

^ result of extensive injuries. The correct diagnosis 
of fracture had been made by comparison with the clinical picture 

In injury he had obsen'ed two years previously. Attention was called 

3 nd d injury" of bone involved no displacement of the fragments 

fjg resultant swelling of the joint and limitation of motion were apt to 

of 'cnly regarded as the sequels of nothing more serious than a simple sprain 
such f ' added to Bigelow’s explanation of the manner in which 

hones incurred. He declared that in certain instances of trauma the 

radial ° rvrist acted as a wedge to spread the corresponding hollow of the 
A.S the stellate tj-pe of splitting fracture, 

intern training in the use of the microscope, pathologic processes were 

diose rf^i Bigelow in terms of the cellular pathology- of \’irchow rather than 
his pra t gross patholog}" generally accepted in his day. An instance of 

reprod application of the newer science is shown in a paper on the periosteal 

describeV°r cond 3 'les of the humerus, published in 1867, in which is 

of the elh Bie ends of all three bones entering into the formation 

The spe l^'rit in a patient with an infection involving tlie STOOvial membrane. 
®3tisfact"^^^'^ removed after subsequent amputation of tlie arm showed to Bigelow’s 
"’ere att^'^l muscle groups at tlie lower end of the resected humerus 

’’^enerat'^ newh- formed, cur\-ed, cone-shaped condyles resulting from 

evidence periosteal tissue left in position at the time of operation. Further 

is contai^ u application of surgical pathologv' and the ph\-siolog 3 ' of tissue repair 
r*e in Bigelow s publication, in 1868. of a report on the handling of 
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ununited fractures. He described 11 ummited fractures of long bones in all of 
which he had determined before operation to attempt to obtain solid union by 
virtue of the osteoblastic properties of the periosteum. How well he performed 
the technical details involved in the operations is proved by the fact that in 10 of 
the fractures healing went on to solid union, the single failure being one in which 
delinite infection was present before the surgical intervention. The principles 
underlying the surgical technic as defined in this report correspond closel}' with 
those of the present day, and the warning against unwarranted stripping of the 
periosteum beyond actual needs is still heeded. Bigelow’s particular method of 
using wires for fixation during the period of hone regeneration, though not now 
followed, was adequate to provide the immobilization necessary for successful 
union. 

It may still I^e customary for students reviewing the surgical treatment of frac- 
tures to generalize by saying that all injuries to the elbow except fractures of the 
olecranon are treated by rest in flexion at a right angle. This aphorism harks 
back to Dr. Bigelow’s discussion of methods of treatment of fractures and dis- 
locations of the elbow joint in the Bosfou Medical and Surgical Journal in 1868. 
The ancestors of the student’s general rule is found in the summary of this excellent 
treatise in the author’s words : 


. . . Ascertain if the olecranon is broken, which can be done with comparative ease, as 
it lies near the surface ; this injury requires special treatment. In all other injuries of the 
elbow joint, whether you are able to make an exact diagnosis or wholly unable to do so on 
account of the swelling, treat them as though the forearm had been dislocated backwards, an 
secure the arm at about right angles to an inside angular splint. 


A final word of caution is given against overenthusiastic attempts at passive motion 
in recently injured joints, because of ensuing pain and reaction in muscles if suci 
attempts are carried too far. Bigelow considered a slow restoration of function 
by gradual use of the inj ured member on the part of the patient a far better met lO 


of therapy. 

Best known of Bigelow's orthopedic works is “The Mechanism of Disloca 
tion and Fracture of the Hip,’’ issued in 1869, an epitomization of three paper 
presented at various times before the Boston Society for Medical Iinproveinen ^ 
the Massachusetts Medical Society and the American Medical Association, 
ing the results of researches which had extended over a period of ^diic- 
Previous to the appearance of this classic demonstration of a new method o 
tion, most hip dislocations had been treated by extremes of traction in the lope 
stretching of the muscles would permit the return of the dislodged femora lea , 
BigeloNV proved by painstaking study of dissections that the anterior 
capsule of the hip joint was of very great strength and density and t la * 
divergent bands, simulating a letter Y, were the chief obstacle to jj- 

reduction of dislocations. It was shown conclusively in this communica lon^ (jeicr- 
the capsular ligaments remained intact in wdiole or in part after injury 
mined the general clinical picture encountered in such cases of trauma an^ jQj-fgncc. 
muscular resistance to replacement of the femur was of only Y 

Reduction by the method devised by Bigelow depended on relaxation o ic 
ligament by flexion of the thigh on the pelvis and subsequent ” jjtjons of 

of the flexed femur to replace it in the acetabulum, under wlitc i j,;„(]r,'ince 
manipulation the strong capsular structures were a help rather t ‘ 
to reduction. At the conclusion of the portion discussing disloca jypes of 
contains a section devoted to the diagnosis and treatment of 
fracture of the neck of the femur and some notes on pelvic frac nr 
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In a day when roctut;cno"rapIiy was not at liaiu! to render immediate and exact 
portrayal ot the situation and the character of hone injuries, there wa? much dis- 
cussion among surgeoms of the diflicultics of determining whctlicr a fracture of 
the neck of tiic femur was of the intracapsular or tlic cxtracapsnlar type. In a 
communication in 1S75. Bigelow felt obliged to go on record with the dictum that 
such discus-sions rendered patient.s no .sercice and that it was far more important 
in all instances of iniurv to a hip to decide whether an impaction of the hone was 
present or not. Studies of numerous sectioned femurs had convinced him that the 
architecture of the lamellar structure at the junction of the neck and the shaft 
proved that the former was simplv a contimiaiion of the latter, somewhat flattened 
111 order to hear weight more cflicicntly. Me considered that fractures of the neck 
were of two types, impacted fractures of the base, and imimpacted fractures of the 
rest of the neck, without regard for the capsule, and that treatment for both types 
ivas the same. 

In addition to papers already mentioned. Bigelow wrote several short notices 
on various phases of his work with fractures and in 1S7S brought forth the classic 
exposition of his method of breaking up stone in the bladder and removing the 
fragments by flushing. Few indeed have won the distinction of contributing 
accounts of fundamental achievement in as varied fields of medical science as did 
Bigelow. His works on anesthetics, fractures, and dislocations of the liip and in 
Bie province of urolog}- will endure as long as an American medical literature 
exists. 

Paying tribute to his former chief, a Boston physician once wrote that no one 
who had spent a year at the ^lassachusetts General Hospital under Dr. Bigelow 
could fail to recognize the effect on his own subsequent career of the time thus 
spent. The subtle influence over his students was felt- the more for being insensibly 
exerted.” All who have been privileged to serve under Dr. Osgood know how 
truly this expression of regard applies to tlieir own former chief, whose kind 
sympatliy and ready understanding will never be forgotten. 

His ready smile a parent’s warmth exprest. 

Their welfare pleas’d him, and their cares distrest. 

Some of Dr. Osgood’s house pupils of a score of years ago recall the thrill 
of the visit of the honored guests who came in the uniforms of the British Army 
'^o pay their respects to Colonel Brackett and Dr. Osgood, who had lately set 
3Side his own uniform. It was a great privilege to see in familiar wards Sir 
thony Bowlby, the renowned British surgeon general, consulting surgeon to the 
ntish Expeditionary Forces, tall, erect, taciturn and bronzed with r-ears in the 
outh African service, and to walk far to the left of the genial I\'elchman, Sir 
vobert Jones, whose merry smile and ready rvit charmed all. Ther’^ were amazed 
t te apparently limitless flow of statistics of casualties in the British Anny that 
w Anthony quoted from a little black book no larger than a plaHng card, whicli 
1 C carried in a pocket of his blouse. 

A large group made rounds on that well remembered morning. The visitors 
under the rotunda by Drs. ^^'ashbur^, Brackett and Osgood, together with 
of die orthopedic sendee, and, with due obsen-ance of the proprieties 

bv rank, proceeded to ward I. An incident of the visit is well recalled 

interns present. As the inspection of the ward progressed to tlie 
came l obvious stir among the patients as die round 

tubcrcnl ^ Canadian e.x-soIdier, bedfast with a badlv infected 

uniform i seemed rather frightened at the si-ht of the British 

IS and in evident confusion raised a trembling, thin, white hand and be<^an 
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muttering something not heard by any of the group of doctors. With characteristic 
intuition and keen sympathy for the feelings of others, Dr. Osgood cast a ques- 
tioning glance in the direction of his senior houseman, and, sensing that the 
Canadian patient was upset, quietly turned the attention of his followers to the 
bed beyond, leaving Sir Anthony by the bedside of the soldier to speak a few 
quiet words. It was not until the next day that the senior intern learned from 
the soldier the cause of his emotional disturbance. The poor fellow had been 
helpless to overcome the humiliation of being bedridden and unable to stand at 
attention properly to deliver the salute due the wearer of the Cross of the Royal 
Victorian Order; “but the General had shaken his hand, and actually talked with 
him, and he knew the ‘Old Man’ under whom he had seen sendee, and had 
wished him speedy recovery.” 

No doubt Henry Jacob Bigelow, the first orthopedic surgeon at the Massa- 
chusetts General Hospital, looked down on the gathering of orthopedic surgeons 
of a later generation and showered his blessing on Sir Anthony Alfred Bowlby, 
Sir Robert Jones and Robert Bayley Osgood. 

840 Forest Avenue. 


IMPORTANT WORKS OF HENRY JACOB BIGELOW 


Insensibility During Surgical Operations Produced by Inhalation, Boston M. & S. J- 35. 

309, 1846. . _ ^ 

Ether and Chloroform ; Their History, Surgical Use, Dangers and Discovery, Boston 
M. & S. J. 38:229 and 2S4, 1848. j u ■ A 

A History of the Discovery of Modern Anaesthesia, in Clarke, E. H., and 

Century of American Medicine, 1776-1876, Philadelphia, H. C. Lea, 1876, PP- ' " 
Manual of Orthopaedic Surgery, Boston, William D. Ticknor & Co., 1845. 

Resection of the Head of the Femur, Am. J. M. Sc. 24:90, 1852. 

Stellate Crack of the Radius at the Wrist, Boston M. & S. J. 58:99, 1858. 

Periosteal Reproduction of the Condyles of the Humerus After Excision of the h-l J > 
Boston M. & S. J. 76:345, 1867. . „ ^ u Xr S I 

Ununited Fracture Successfully Treated, with Remarks on the Operation, Boston 


Practical Views of the Treatment of Fracture and Dislocations ’ 

the General Impropriety of Passive Motion, Boston M. & S. ^ t ,Lp nisloca- 

The Mechanism of Dislocation and Fracture of the Hip, with the Reduction o 

tions by the Flexion Method, Philadelphia, H. C. Lea, 1869. nr p c t 92:1 
The True Neck of the Femur: Its Structure and Pathology, Boston M. • Conm^ny, 
Litholapaxy or Rapid Lithotrity with Evacuation, New York, Wilham 


1878. 



ARTHROGRYPOSIS MULTIPLEX CONGENITA 


MIRIAM KATZEFF, M.D. 

BOSTON 


"Arthrogryposis (or artlirogryphosis) niulliplcx congenita" is a term used to 
designate contractures of tlic joints. The term "arthrogryposis” is a combina- 
hon of two Greek words, meaning literally a crooked or bent joint. \’arious 
■"'nters have described this condition under different names, such as “multiple 
congenital contractures of joints.” “amyoplasia congenita." “myodystrophia 
congenita” and “myodystrophia foetalis deformans.” 

In 1S41 A. G. Otto described a case of congenital nn-odystrophy and in 1905 
E. Rosenkranz collected 56 cases which were similar in nature and labeled them 
arthrogrj-posis multiplex congenita. Stern ^ in 1923 and Lewin - in 1925 used this 
femr in reporting their cases. \V. Sheldon ^ in 1932 preferred the name “am\' 0 ' 
plasia congenita,” believing that the initial lesion is primar}- aplasia or hj-poplasia 
of certain muscle groups, the defects of the joints being secondary'. He confirmed 
his ideas by investigating the electrical reactions of the affected muscles; these 
showed no reaction of degeneration hut tiie faradic responses were weak or absent ; 
there were no sensory or trophic changes. D. S. iXIiddleton ^ in 1934 used the 
term myodystrophia foetalis deformans,” believing that the deformities result from 
taffy degeneration of muscles occurring during intrauterine life. He expressed 
he belief tliat the muscular degeneration is analogous to the muscular dvstrophies 
of later life. The microscopic appearances are veiy similar. He stated that the 
Muscular degeneration arises fairly late in intrauterine life, after the muscle fibers 
ave been fully differentiated, and that the condition progresses rapdily during 
fetal life and ceases at birth. 

Arthrogrj'posis is not mentioned in textbooks of ortliopedics except in tlie 
recent texts of Campbell ® and Steindler.® These authors have described the con- 
genital contractures of the joints and have recommended early corrective measures. 


OBSERV.ATIOXS IX EIGHTEEX C.-VSES 

During the years 1925 to 1942, IS patients (10 males and S females) were 
n muted to the Children’s Hospital in Boston with the diagnosis of arthrogri-posis. 
le ages ranged from 5 days to 10 3 'ears and 7 months. There is no histoiy of 
s ormity in relatives or parents in 17 of the cases. In 1 case tlie maternal uncle, 
nged 20 years, has never walked. 

the following tabulation summarizes the combinations of abnormalities of the 
joints in these patients. 


Patients 


.■\reas Involved 


2 

1 



Hands and feet 
Hands, feet and hips 
Hands, feet, knees and hips 


T 1 'V Arthrogryposis Multiplex Congenita, J. A. 31. A. Sl:l£07 CNov 31 10^3 

3 ef'V?’ J- Pone & Joint Surg. 7:630, 1925. 

4 'V.: Arch. Dis. Childhood 7:117. 1932. 

,• ^tiddlcton. D. S.: Edinburgh M. J. 41:423. 1934. 

6 sLTifr)?'”’ '7' Orthopedics. St Louis. C. Mosbv Companv, 1939 

19-iO. " O^hopedic Operations, Springfield, 111., Charles C Thomas. Publisher. 
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Patients 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 


Areas Involved 
Hands, elbows, feet and knees 
Feet, knees and right liip, which is dislocated 
Hands, feet, elbows, knees, hips 
Hands, feet and hips, which are both dislocated 
Feet and right hip, which is dislocated 
Feet, knees, hips and spine 

Feet, knees, hands and hips, both of which are dislocated 
Feet, hands, elbows and hips, which are both dislocated 
Feet, hands, knees, hips and spine 
Feet, hands, knees, shoulders 
Feet, hips and spine 


In addition to contracture of the hip, 5 patients had frank dislocation of the 
hip, bilateral in 3, unilateral in 2. Several of the children presented additional 
anomalies. There were 2 with undescended testicles, 3 with inguinal hernia and 
1 with a cleft palate. 

On examination in cases of arthrogryposis the extremities present a unique 
appearance. They lack the usual anatomic contours, having instead a stuffed 
sausage-like appearance. Very little muscle is palpable. The structures overly- 
ing the joints feel thickened and contracted. Dimples are frequently seen over the 
patellas and the elbows. In most of the involved muscles passive correction of 
the contractures is possible to a few degrees, although some are rigid, allowing no 
correction. These gross abnormalities are symmetric, distinctive and readily 
recognizable. 

Histologically there is atrophy and fat replacement of the involved muscles. 

Roentgen films taken in the first few months of life show deficient muscle 
shadows, with increased density in the capsular areas, without changes in tie 
bone. Older infants and children show secondary deformities of bones associa e 
with long-standing contractures of the soft tissues. 

In general, the younger patients in this series were treated in this order. \ ) 
manipulations without anesthesia, (2) supports, (3) anesthesia, manipulations an 
supports and (4) surgical corrections. 

The older patients were treated by operative procedures selected as • 

able for the correction of the individual deformity. These procedures were 
otomy, capsulotomy, lengthening of tendops, open reduction of hips and art ro 
for the correction of club feet. , 

The end results varied in relation to the number of deformities 
time of treatment. As is true of all congenital deformities, the best 
obtained with the early institution of corrective measures. These ba y 
children, presenting at birth a discouraging picture, were definitely impr 
treatment. 


of 


REPORT OF AN ILLUSTRATIVE CASE 

The case record of a patient illustrating the progress made from the ag 
3 weeks to that of 26 months follows ; 

R. S., a boy aged 3 weeks, was admitted to the outpatient department of 
Hospital in Boston, Aug. 29, 1940, for the treatment of deformed upper an years, ''.'as 

noted at birth. The father, aged 32 years, had diabetes. The mother, age child! hiet' 
well except for occasional attacks of dermographia. The patient v'as t 
had been no other pregnancies. The parents reported no deformities in t leir for 

At the birth of the child the mother had twilight sleep and was on t e ^ c^ ^^unc type of 
twentv-four hours.” No instruments were used at delivery, although t 'cre 
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manual nianipnlalion to improve tlie ]'o~i(io!t. I'.pi-iolomy wn'- (Ifiic. Xo cynnoji? or con- 
vulsions followed birth. 

The intnnt since birth had been fed b> formula. There was considerable difficulty in 
feeding him, due to vomitinc;. X’itamin.'' C and D were itiven at .5 weeks of nee. 

Immediately after birth it wa^ noted that the liaby iiad deformities of the shoulders, elbows 
and hands, contracted knee' and clubfeet. 

On examination, both shoulders were adducted with pa>-*ive abduction to fO degrees. The 
deltoid muscles were small, with \er\ little muscle that w.-" I>alpable. The ellwus were 
extended to the extreme decree and pcmitted pa'^sive iiexn n nf 4r decrees on the right and 



„ sd, roentgenogram showing poorly developed muscles of the upper arm. B, roent- 

== grams showing diminished muscle shadows and thickened periarticular structures. 


tvas Supination of the forearm was not possible on the left; 15 degrees 

? tamable on the right. Pronation of the forearm on the left was 20 degrees, that on 

ricln'^n^ degrees. Extension of the wrist on the left was 20 degrees ; that on the 

fftxcd t Flexion of both wrists was possible to 50 degrees. Knees were permanently 

IHisitioi ° ‘fegrees. with further flexion to 120 degrees. Both feet were in rigid cquinovarus 


upper and lower e.xtreniities showed deficiency of the muscle tissue 
for .4 he capsules and the ligaments appeared thickened. The bones were normal except 

uic dciormities in the clubfeet. 




t -^7 patient at the age of 10 months, prior to surgical correction of the feet, n, louer 

Jegs of the patient twelve weeks after operation — aged 12 months and 2 weeks. 
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The child was given outpatient care, consisting of inanipiilations of tlic upper and lower 
extremities with weekly changes of casts to the feet, for a period of ten months. During tliis time 
he had recurrent infections of tlic upper respiratory tract with otitis media. 

The infant at 10 months of age was admitted to the hospital for surgical correction of 
his feet and further manipulation of his upper c.xtrcmitics. Lengthening of both heel cords 
and posterior capsulotomy were done, and casts were applied with the feet in marked dorsi- 
fiexion, abduction and eversion. Following an uneventful convalescence of tiirce weeks, the 
hoy was again followed in the outpatient department. Tliere physical therapy was given to 
the upper c.\trcmitics three times weekly. His feet were protected in casts for eight weeks, 
followed by manipulations three times weekly. IJivalved casts were used between treat- 
uients. .\t 16 months of age he began to walk in corrective shoes. His feet were manipulated 
daily at home, and Dcnnis-Ilrown shoe splints were used during his day and night sleeping 
periods. 

At the time of writing the patient is 2 years and o months of age and is attending a 
nursery school. .Although he has not a complete r.angc of motion of his elbows and shoulders. 



. d. — A, patient at the age of 26 months, showing corrected elbows. 

3na knees. 


5, corrected feet 


hands and arms freely in performing tlie various nursery acti-vities. He is talkin'’’ 
for a child of his age. ° 

there ^^™“^f'on, in November 1942, showed a good hand grasp, with some weakness; 
•and contractures of fingers or wrists; the elbows had active fle.xion of 90 degrees' 

Both £ degrees ; shoulder abduction was, active, 60 degrees ; passive, 90 degrees, 

and eve*^^- and corrected 10 degrees beyond neutral in dorsiflexion, abduction 

BesM He walked and ran well and easily. His arms swung freely but not complete!}-, 
'ndudin'l^* orthopedic treatment, this patient has been given an abundance of vitamins,' 
months receiving vitamin E since June 1941, when he was 10 

s ot age, and is now having 15 drops daily of a preparation of this vitamin." 


Com monwealth Avenue. 

cHs MS’® is tocopherex (Squibb), a concentrated distillate of vegetable 

f°corhcrols represents 400 mg. of mixed alpha, beta and gamma 

ok, cquiv.alcnt in ^•ltamIn E activity to 2;0 mg. of alpha tocopherol. 


WIRE FIXATION OF FRACTURES OF THE PROXIMAL 
TFIIRD OF THE HUMERUS 


J. ALBERT KEY, M.D. 

ST. LOUIS 

A relatively high percentage of fractures of the proximal third of the humerus 
in which the fragments are completely displaced are difficult or impossible to reduce 
satisfactorily by manipulation. This is especially true of the fracture-dislocations 
and of those fractures in which the head of the humerus is also broken into two 
or more pieces. These fractures are likewise difficult to treat by traction, because 
the short proximal fragment tends to be abducted and rotated outward rvhile the 
pectoralis major and subscapularis muscles tend to draw the proximal end of 
the distal fragment inward and forward. When traction is applied in abduction, the 
proximal end of the distal fragment is drawn forward and downward by the 
pectoralis major and latissimus dorsi muscles (fig. lA). 

On account of the difficulties mentioned, it is my custom to treat these fractures 
by open reduction, frequently without even attempting treatment by closed manipu- 
lation or traction. This is particularly true since I have learned to place a powdered 
sulfonamide compound in the wound and thus lower the chance of infection almost 
to the vanishing point. 

The operative reduction is relatively simple and may be done with the patien 
under general or local anesthesia. The technic is as follows : 

The patient is placed on his back on an ordinary operating table and is so 
draped that the fractured extremity can be manipulated without the operative ne 
becoming contaminated. The fractured arm lies at the side with the elbow resting 
on a sand bag and the forearm resting on the chest. . 

A vertical incision about 3 inches (7.5 cm.) long is made on the antero a era 
aspect of the shoulder. The incision begins just below the margin of the acromio 
and is parallel with the fibers of the deltoid muscle. The fibers of this muse e a^ 
separated by blunt or sharp dissection, care being taken not to injure the circurn 
nerve, which lies on the deep surface of the muscle near the middle of the incisi 
and frequently at the level of the fracture. i 

The muscle is retracted gently, leaving the neiwe stretched across tie . 

The distal end of the proximal fragment lies just beneath the deltoid muse e c 
is easily identified. The proximal end of the distal fragment Hes^ some ^ 
inward and forward and can be felt with the finger. The clot is 
assistant makes moderate traction on the arm with the elbow flexed, 
surgeon reaches in with a large Kocher forceps or a small bone-holding 
grasps the shaft of the humerus near the fracture line, pulls it directly outvar 

opposes its end to that of the proximal fragment. _ fixation 

If the fragments are quite stable when reduced (fig- 2 A), no interna. 
is necessary. The powdered sulfonamide compound is implanted m le ^ 
the wound is closed in layers and the arm is immobilized across the c 
Velpeau bandage. As a rule, only one small blood vessel is tied. Tins is 
lying alongside the circumflex nerve. If it is torn, care must be ta 'cn 
damage the nerr'e in clamping and tjdng the vein. 

From the Department of Surgery of tlic Washington University School of Vc 
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Fig- 1.— '1, fracture of the proximal third of the humerus. The roentgenogram shows the 
position obtained by traction in a Thomas arm splint. B, the same fracture as in A after 
open reduction and immobilization by two Kirschncr wires, which were removed later. The 
itacture of the head of the bone is not visible in the roentgenogram. 



stable^vt,'"’^’ ^'^oture similar to that in figure 1 after open reduction. The fragments were 
a single reduced, and no internal fixation was necessary. B, a similar fracture fixed by 
=> "ire loop. C, a similar fracture fixed by a wire mattress suture. 



<580 


ARCHIVES OF SURGERY 


Ten days after the operation the Velpeau bandage is removed, the cutaneous 
sutures are taken out and a hanging cast is applied to the extremity with the elbow 
flexed 90 degrees. The cast extends from the upper arm to the %vrist and is sus- 
pended at the wrist by a bandage which passes around the neck. The patient is 
then instructed to exercise the shoulder muscles several times daily by bending 
forward and swinging the arm baclcward and forward and across the body and in 
circles while the wrist is supported by the sling from the neck. About three or 
four weeks later, the cast is removed, and the exercises are continued until the 
shoulder is normal. 

In most instances it will be found that the fragments are not stable when reduced 
and that some form of internal fixation is advisable. I have generally used a small 
loop of stainless steel wire, either a double or a single loop (fig. 2B and C). The 
double loop is more secure, and the twist in the wire is placed farther away from 
the floor of the subdeltoid bursa and thus is less apt to cause pain afterward. 
However, the double loop is more difficult to apply, and its use prolongs the 
operation. As most of the fractures of the proximal third of the humerus occur 
in older persons, this is not desirable. Moreover, if the ends of the fragments are 
comminuted (and they often are), one may not find suitable spots for the four 
drill holes necessary for the double loop or mattress wire suture. 

In a recent case in which the head of the humerus was split and the greater 
tuberosity comminuted, it was found that two Kirschner wires drilled through the 
proximal fragment and obliquely through the cortex of the distal fra^ent not 
only fixed the fragments of the head but also afforded adequate fixation of the 
two major fragments (fig. 15). With the fracture reduced, suitable points on tie 
lateral and superior aspects of the shoulder are selected and the Kirschner wires 
are pushed through the skin down to the bone and then drilled through the two 
fragments. They are then cut off, leaving about an inch (2.5 cm.) of ^ch wire 
protruding from the skin, and the wound is closed and the arm is imrnobilized in 
a Velpeau bandage. The protruding ends of the wires are covered with ^ 
pad, and ten days after the operation the cutaneous sutures are rernove , 
hanging cast is applied and the swinging exercises are started. If the wires are 
placed that the exercises are painful, the latter are postponed until the ^ 

been removed. At the end of two or three weeks, depending on the sta 1 1 } 
the fragments, the wires are pulled out and the exercises are continued as c escn 
in a foregoing paragraph. ^ 

The use of Kirschner wires is the simplest and most satisfactory met lo 
I have found for fixing fractures of the proximal third of the humerus, 
eliminate the necessity of leaving a foreign body in an area where pain is esp 
prone to occur. As the wires are directed backward and downwar ^ lere 
danger that their protruding ends will damage an important blood vesse or 


treatment in casi-:s oi- SLirpi^i) capital femoral 

EPIPHYSIS AT THE MASSACHUSETTS GENERAL 

HOSPITAL 

ARMIX KLEIN. M.D. 

KOr.ERT J. JOPLIN. M.D. 

AND 

JOHN A. REIDV, M.D. 

I’.OSTON 


A Study of the records of patients treated at the Massachusetts General Hospital 
tor epiphysiolysis or for slipped upper capital femoral epiphysis was made in an 
attempt to detemiine what has hcen accomplished in treating these patients, what 
progress has been made in methods of treatment and what procedures should 
continue to be used and what procedures should be discarded. \\Y surveyed all 
records filed at this hospital in cases of slipped femoral epiphysis, since the condition 
'vas recognized here. We found that various forms of treatment had been used, 
and we expect that analvses of the results will afford indexes to the proper treat- 
rnent in such cases. 

.1- Albert Key ^ and Philip D. Wilson.- in previously published monographs, 
reviewed the cases of slipped upper femoral epiphysis as recorded in this hospital 
trom 1904 to 1923. They reported that in 30 cases treatment was by manipulation 
^nd piaster fixation or by open reduction and plaster fixation. Key concluded that 
forcible manipulation of an old case tends to result in increased stiffening of 
die hip and is not justified b}' the results obtained.” Wilson disclosed that in the 
oiajorit}’' of cases the findings at the time of open operation indicated that 
'^manipulation could not have succeeded if it had been tried. He therefore 
advocated open reduction at the seat of the deformity and postoperative fixation 
"'ith plaster. 

The end results obtained during this period apparently were not satisfactorc- 
enough to warrant continued reliance on these methods of treatment. A survey 
e the records of 39 patients treated during the years from 1924 to 1932 still 
■evealed some poor results from the old methods of manipulation and plaster 
■'^•tticn or from open reduction and plaster fixation but revealed better results from 
open reduction, nailing with a three-flanged nail and early mobilization. 

In the past decade the treatment for slipped epiphysis has been rather variable 
^ut lately has shown some signs of consistency. Thirty-two patients were treated 
. '"’ng this period. Seven patients had bilateral slipped epiphysis ; therefore. 39 
were e xamined and 36 of these were treated in this clinic.^ 

Pp J- A.: Epiphyseal Coxa A'ara or Displacement of the Capital Epiphvsis of the 

‘l^dolescence, J. Bone & Joint Surg. 8:53-117, 1926. 

I A~\r ’ P- H.; Displacement of Upper Epiphvsis of Femur Treated bv Open Reduction. 

3 Tl (Nov. 29) 1924. 

Hosn!* 1 • on patients with epiphvsiolvsis treated at the Massachusetts General 

XurntT ‘r "’^.period from 1933 to 1942 follow. 

3 , ^ patients with epiphysiolysis : 

(In 7 [21%] condition was bilateral: second hip slipped 7 months to 2 vears after 
Spv '^JPP'ne of first hip) 
patients; 

2’ females — ages 8 to 14 — average age 12 

males — ages 9 to 16 — average age 13 ~ 


(Fcotv.cic cortinurd 


rcjri 
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Tiie patients fall into three classifications according to the methods of treat- 
ment used: a miscellaneous group, with multiple forms of treatment; a group 
treated by arthrotomy, reduction and lateral nailing, and a group treated by lateral 
nailing in situ. 

A method of appraising hip function was suggested by the “index of motion'’ 
table of Ferguson and Howorth.' Rriefl}', it consists of designating a factor for 
each motion according to its importance. The amount of demonstrable motion is 
multiplied by this factor to give a product for that particular motion. The sum 
of these products represents “the index of hip motion.” An example of the use of 
the index of motion in a specific case follows : 

Motion Factor Product 


Flexion 145° 0.4 58 

.A.bduction 45° 0.4 IS 

Adduction 30° 0.2 6 

Rotation 

Internal 30° 0.2 ^ 

External 60° 0.1 6 

Extension 10° 0.1 I 


95 

On this basis the index of hip motion was then computed for the affected hip as 
compared witli the sound hip. Since such an index of motion does not include 
pain or limp, it is felt that it lacks certain elements which determine true function 
of a hip. For this reason, we have assigned only one third value to the index of 

Physical types : 

Females — 6 obese; 1 tall and thin (types of 3 unknown) 

Males — 16 obese; 2 tall and thin (types of 4 unknown) 

Side involved : 

Females — 5 right; 3 left; 2 bilateral (left hip first in one case; right hip first in olher case 
Males — 6 right; 12 left; 4 bilateral (2 right hip first; 2 left hip first) 

Trauma as an etiologic factor in 37 4- %: 

4 of 10 girls — 40% 

8 of 22 boys — 36 % 

Duration of Symptoms; 

Females — 2 weeks to 1 year — average 3.4 months 
Males — lp 2 weeks to 2 years — average 7 ± months 

Treatment before entering hospital; 

No treatment 21 
Rest in bed S 
Treatment of feet 3 
itanipulation and cast 2 
Traction 1 

Diagnosis (at this hospital) before roentgen examination: 

Correct in 81% 

Incorrect — viz., tuberculosis, sepsis and strain — in 19% 

Degree of slipping; . 

Minimal (i. c., 1 cm. or less) in 50%; of these 83% were boys and U/c were 
yiarkcd (i. e.. over 1 cm.) in 50%; of these 61% were boys and .59/r ^^crc 
4 Ferguson. A. B.. and Howorth. M. B.; Slipping of the Upper Femoral 
Study of Seventy Cases. J. A. M. A. 97:1867-1872 (Dec. 19) 1931. 
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motion and an C(]nal value to llio oloinont <>f jKiinlcssno.ss and to that of absence of 
limp, callintj the total of the^e three elements tlie percentattc of true normal function 
of the hip. 

hulcx 01 Moii<'n Ali^vitcc in Total Percentage of True 

l.inip I'unction of IHj) 

33.3 33.3 33 3 10' I 

Ihc resnits of tlie misceilaneons types of treatment are analyzed in table 1. 
Ten patients were observed for fourteen to one hundred aiifl four months. The 
wiiosc cases are charted sliowed marked slipping : tlie last 4. minimal 
slipping." 

_ In the iirst 3 patients, witli osteotomy at a distance from tlie seat of the 
deformity, i. e.. at the distal portion of the neck or at the siihtrochantcric region. 

T.mii.k 1. — Misct'llniu'ous I y/'cs oj Trctiliiirnl 

ropt- Percentage 




Months 

op'irnllvc 



A 


Total 



.\ftcr 

Short- 



•>j.3 

oO.O 

Percentage 


Aj:e 

Opera- 

cnlng. 


Indc.v of 



of 


lion 

Inch'*.« 

Trciitment 

Motion 

Pain 

Limp 

Function 

<ie .T. 

W. M. 

14 

30 


Osteotomy at distal neck 
with naiiing; sepsis: cup 
arthroplasty 

2.0 

03.3 

33.3 

xtj.3 

It 

14 

lA 

Subtrochanteric osteo- 
tomy and Thornton plate 

0.0 

0.0 

0.0 

0.0 

W. B. 

15 

25 

2 * 

Osteotomy at distal part 
of neck; sepsis; cast 

0.0 

33.3 

0.0 

333 

c. c. 

•T. C. 

i:i 

104 

u 

Manipulation and spien 

15.0 

S3.3 

33.3 

S1.6 

14 

20 

Vi 

Open reduction and nail- 
ing; ncetabuloplosty 

12.1 

33.3 

0.0 

45.4 

X. B. 

14 

31 

n._. 

Manipulation, lateral 
nailing; open reduction 

7.0 

22.2 

0.0 

29.2 


-tverago. 




and nailing: cup arthro- 
plasty 




3r.47c 

95.5 

-McK. 

A. P. 

13 


0 

Drilling 

2S.9 

33.3 

33.3 

12 

&T 

u 

Open operation au<! drill- 
ing 

29.S 

25.0 

33.3 

SS.l 

A. C. 

c. s. 

13 

14 

SI 

0 

^8 

Traction 

Biopsy 

1T.4 

1G.3 

33.3 

33.3 

33.3 

33.3 

S4.0 

sa.9 

sT.eTo 

Average. 








ere the three poorest results seen in the entire series. All 3 patients had a marked 
mip. One of the 3 had marked pain. Two had no motion in the involved hip, 
the third had practicall}- no motion. The total percentage of function for the 
m\olved hip ranged from 0 to 35.3 per cent, averaging only 22.8 per cent of 
normal. To be sure, a group of 3 is a small sample on which to base conclusions. 
^ ut when the results observed in them are uniformly so poor, it seems as if this 
obv^ procedure might be reserved for older neglected deformities. It seems 
on restore normal anatomic relationships the attack should he made 

t le deformit}- at its site rather than at a more remote point. 

no t ^ patients, with minimal slipping, showed good results with drilling or 

_ J^catment. The average total percentage of function was 87.6 per cent. 


norcxhin'^ epiphysis backward and downward from the femoral neck amounting to no 

"'•arked.' considered to be minimal. Any slip greater tlian 1 cm. was considered 
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Table 2 presents the data on 11 patients with marked slipping wl:o were 
treated by arthrotomy and osteotomy through tire epiirhysial plate and nailing. In 
each case an attempt was made to replace the head in its anatomic position and 
to fix it there by inserting a three-flanged nail from the lateral aspect of the femur 
through the neck and across the epiphysial plate into the head. 

Postoperative treatment in most instances consisted of suspension in traction 
for two to three weeks. The patient was then allowed to be up and about with 


Table 2. — Arthrotomy, Reduction and Lateral Nailing 







Percentage 








A 


Total 



Months 

Postoperative 

33.3 

00.0 

33.3 

Percentage 



After 

Shortening, 

Inde.v of 



of 

Patient 

Age 

Operation 

Indies 

Motion 

Pain 

Limp 

Function 

S. P 

14 

11 

0 

22.7 

30.0 

30.0 

82.7 

L. St. G 

11 

26 

% (1 cm.) 

29.6 

30.0 

30.0 

S9.0 

A. S 

12 

59 

1% (3.5 cm.) 

I5.S 

33.3 

0.0 

49.1 

S.B 

8 

63 

2*4 (5.5 cm.) 

7.0 

33.3 

0.0 

40.3 

J. n 

15 

94 

Cg (0.95 cm.) 

21.1 

33.3 

33.3 

S7.7 

P. J 

16 

96 

% (1 cm.) 

24.9 

33.3 

33.3 

91.5 

O. J 

12 

87 

"■r (0.95 cm.) 

23.5 

33.3 

33.3 

ge.i 

J. J 

16 

54 

0 

15.2 

33.3 

25.0 

73.5 

R. L 

14 

SO 

V- (1 cm.) 

30.5 

33.3 

33.3 

97.1 

0. M 

11 

61 

Vi (1 cm.) 

33.3 

33.3 

33.3 

100 

G. 0 

13 

77 

0 

1S.5 

25.0 

0.0 

43.5 

Average 


64.3 Under % (1.5 cm.) 

.... 
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Table 3. — Lateral Nailing in Situ 






Percentage 


Total 



Months 

Postoperative 

33.3 

53.3 

33.3 

Percentage 



After 

Shortening, 

Index of 


_ . 


Patient 

Age 

Operation 

Inches 

Motion 

Pain 




J. M 

D. McM 

M. H 

R. G 

K. R 

A. W. Jr 

O. B 

JI. G 

D. B 

M. S 

E. T 

Average. 


9 

IG 

15 

13 

13 (L) 

11 (B) 
13 

10 

12 

13 (L) 
15 (R) 
12 

13 (L) 
12 (R) 


SO 

15 

20 

12 

12 

5 

29 
39 
39 
48 

30 
IS 
13 
25 


% (1.5 cm.) 

0 

0 

0 

0 

0 

% (0.95 cm.) 
% (2 cm.) 

% (0.95 cm.) 

% (1.5 cm.) 


% (2 cm.) 

Less than W (0.G4 cm.) 


33.3 

23.7 

32.5 

33.3 

31.4 
24.1 

21.5 

31.0 

32.3 

25.3 

24.0 

30.5 
2G.9 
26.9 


33.3 
33.3 
33.3 
33.3 
33.3 
33.3 
33.3 
33. u 
33.3 
33.3 
33.5 


33,3 

33.3 

33.3 
33.3 
33.3 
33.3 
33.3 

33.3 

33.3 

33.3 
33.3 
33.3 
33.3 
33.3 


100 

00.3 

00.1 

300 

07.0 
00.7 

83.1 

07.0 

03.0 

01.0 
00.0 

07.1 
03.r» 
or,.o 
oi.s 


a non-weight-bearing splint and a high sole on the line 

worn until roentgen examination disclosed obliteration of le p J 


was 


>> Cbi? ^»N-»*** — .. . O — ■ 1 • *<- 1'f r fn flic 

and restoration of the epiphysis with bone comparable in vita i > average 

bone of the pelvis and the femur. This whole group was followcf^ motion was 
period of sixt 3 ^-four and three-tenths months. Their average in ex 
about two thirds of normal. Only 3 of the 11 patients had Their 

minor degree ; 5 had no limp, 3 had a bad limp and 3 had only a g 
average percentage of normal hip function was 76.8 per cent. l,ilatcraf 

The next and final group ("table 3) consists oMl i ic.ss ih'i'* 

involvement. These patients had only minimal slipjiing of the epip , 
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1 cm. in extent. Tliey were all treated l>y lateral nailiinj in sitn without arthrotomy. 
The nail wa.>5 introduced into the lateral corte.x of the .‘Subtrochanteric region of 
the femur and was driven through the neck, across the epiphysial plate and into 
the head without any attempt at altering the cxi.'stin.g relation.ship of the femoral 
Iiead and neck. The hip was immobilized postoperatively by Buck’s extension 
apparatus until the sutures were removed. The patient was then allowed to be 
up and about on crutches or with a brace until motion in the involved hip joint 
was free and painless. The average period of observation was twenty-five months. 
The average index of motion was about 84 per cent of normal. Pain and limp 
weie absent in all cases. The average percentage of normal hip function for 
the entire group was 94.8 per cent. 


COMM EXT 

Analysis of the results of treatment in cases of slipped capital femoral epiphysis 
revealed the ultimate aim to be a fusion of the epiphysis to the neck of the femur 
'n the position in which it was first discovered or in a corrected, anatomic position. 
Jo be sure, tlie accomplishment of this purpose meant cessation of growth in the 
involved epiphysial region, but it also meant the termination of farther slipping 
ot the epiphysis, and the last consideration is paramount. 

Efirlier attempts at correction of the deformity by forcible “closed” manipulation 
and fixation in plaster led to stiffening of the hip. Later attempts at open reposition 
ut the slipped epiphysis and fixation in plaster gave unsatisfactory results, chiefly 
because of the resulting traumatic arthritis. But the surgeons learned from these 
later attempts that though roentgenograms maj' show a marked widening at the 
epiphysial plate, the epiphysis is quite firmly attached to the neck, and rarely can 
this relationship be changed by manipulation without osteotomy. Then the addition 
ot the three-flanged nail to the armamentarium of the orthopedic surgeon made 
't possible for him to replace the epiphysis in its anatomic position, to fix it there 
With the nail and tlien to start early mobilization of the hip joint. Plaster casts 
lecame unnecessar}-. Traumatic arthritis became more infrequent and less severe. 

Greater experience with such patients sharpened knowledge of the symptoms, 
f his resulted in the early diagnosis, made when the slip was still minimal. In 
addition, further experience in the follow-up clinic prompted mindfulness of the 
early signs and symptoms of involvement of the opposite hip, because statistically 
about 20 per cent of those affected with a slipped upper femoral epiphysis in one 
I'P will, within two years, have bilateral involvement. 

^^'e have sun-e 3 -ed the records of 32 patients with slipping of the upper femoral 
epiphysis in 39 hips who were treated at the iSIassachusetts General Hospital during 
last decade. As a simple method of evaluating tire function of the treated hip 
so that it might be compared with that of the patient’s normal hip, we used a 
Modified Ferguson-Howorth “index of motion” table. 

Thus we appraised function in 3 cases of marked slipping in which osteotomy 
" as done at a point distal to the site of the deformity, i. e., distal to the epiph^-sial 
p ate. Tiie results were uniformly poor (table 1) — in fact, the poorest results 
01 the entire series. We feel this method for the treatment of a patient with a 
s ipped epiph\-sis should be discarded. It might be reser\-ed for those with old 
rauiuatic arthritis and detormitv, who could be helped bv alteration of the 
'iiechanics of the hip joint. 

P • P^'osent treatment, arthrotom}' of tire hip joint, reposition of the displaced 
orilf fixation by means of a tliree-flanged nail, followed post- 

^tively by traction and tlie wearing of non-weight-bearing splints, should be 
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continued for patients with marked slipping of the epiphysis. The group treated 
thus showed hip function 76.8 per cent of normal (table 2). - This contrasts 
fat^orably with a comparable group treated bt' miscellaneous methods, such as 
osteotomy distal to the epiphysial plate, whose hip function was only 37.4 per 
cent of normal. 

Lateral nailing in situ, without arthrotomy and without correction of the early 
deformity, is the best method of treatment for patients with only minimal slipping 
of the epiphysis, and this in spite of the good results obtained from drilling and 
traction. We have seen 2 hips with minimal slips left untreated except for the use 
of non-weight-bearing splints continue to slip to a marked degree. Since drilling 
and traction do not immobilize the epiphysis any more than a non-weight-bearing 
splint, we advocate lateral nailing in situ. Such a procedure demands no more 
skill of the surgeon and entails no more risk on the part of the patient than does 
the drilling operation. Lateral nailing is a relatively simple procedure for the 
surgeon who has been adequatel}' trained. But if minimal slipping is allowed to 
progress, open reduction and nailing become necessary. This is a relative!}' 
difficult procedure even in the hands of the orthopedic surgeon. The results from 
arthrotomy, reduction and nailing, averaging 76.8 per cent of normal hip function, 
are not as good as the results from lateral nailing in situ. The latter method of 
treatment afforded by far the most gratifying results, averaging 94.8 per cent o 
normal hip function. This is also better than the 87.6 per cent for drilling anc 
traction. 

W e therefore wish to stress the importance of diagnosing the condition eai } . 
while the slip is still minimal, of obtaining early fixation by lateral nailing in situ, 
of mobilizing the hip early after operation, and of recognizing early a possible s ip 
in the contralateral hip. 



ad\-i*:ntitious bursas 


JOHN' G. KUHNS. M.I). 
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Bursns have been (lefiiied a> tlie synovial strata whicli are found nutsido of 
joints to reduce friction.’ Xormally they arc located Ijctwcen the skin and bony 
projections and between tendons and prominences over wliicli the tendons move." 
Albinns.” while be was not the hr>t to discover these synovial sacs, described 
dteir occurrence between muscle.'- and gave them the name bursae mucosae. The 
normal bursas about the joints develoji as a rule during the latter half of intra- 
uterine life. Complete maturation of the bursa! cavity and definition of its out- 
line are believed to come onlv with fetal movement. Occasiotially. normal bursas 
develop first in earlv childhood, and instances have been reported in which even 
the larger bursas were not present in adult life.' 

In addition to the usual bursas about tbc joints present at birth, other bursas 
develop not infreciuently beneath the skin or about the tendons to prevent exces- 
sive friction or to imotcct from pressure. These bursas which develop after birth 
in unusual locations have been called adventitious bursas ( fig. 1 ) . A clearer under- 
standing of the changes taking place in the tissues during the formation of such 
adventitious bursas will help the physician to appreciate the changes of connective 
'^issue in response to unusual functional demands in all parts of the body. The 
adaptation of the tissues about transplanted tendons and where an attempt is made 
to regain articular motion is partially the formation of a number of such adven- 
titious bursas.” The description of the clinical and histologic development of these 
bursas is the purpose of this paper. 

Before the embryologic studies of Hagen-Torn,® it was believed that all bursas 
"Ore lined with endothelium." But the careful histologic studies of Hammar " 
^nd of Redderer ® have demonstrated that the synovial lining both of joints and 
^ bursas is only a special arrangement and modification of connective tissue cells.® 
uis adaptation of the lining membrane of the cavity' has been carried out to a 
greater degree in joints which have proceeded through a slower and more elaborate 
embryologic development than have bursas. .All bursas, both the normally occur- 
riug and th e adventitious ones, vary' greatly in the completeness of the adaptation 

1- Cunningham, D. J.: Te.xtbook of Anatomj', ed. 5, New York. William Wood & 
'-ompany, 1923. 
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Recherches sur les bourses muqueuses perotuliennes. J. de I’anat. et physiol. 


Miilf B. S. : Historia musculorum hominis, Leido Batavorum, T. Haak et H 

* lulhovius, 1734. 
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of the inner lining of tile bnrsal wall.'” Some bnr.sal cavities have a dcrinite 
synovial membrane with cells like e])ilhelial cells ; others show somewhat flattenecl, 
tiiKlifferentiafed connective tissue cells. More readily in the bursa of more 
undifferentiated connective tissue, but in (hat with true .synovial membrane as 
well, regeneration of the lining membrane can lake place after injury or after 
removal of the bursa.’* 'Phis regeneration of (he living cells (akc.s ])lace only if 
there are movement and intermittent j^rcssure; without these obliteration of the 
bnr.sal cavity occurs.’- 

Many studies have been made on normally appearing bursas which have been 
removed because of irritation or infection, d'he embryologic dcvclo])mcnt of 
normal bunsas, particularly those found about the shoulder joint, has been studied 
by Kcdderer ” and more recently by Simon ”* and by Black,’’’ In the human 
embryo the first sign of the rlevelopiug btir.sa is a decrea.se in the numlier of 
fibrils in the judmordial connective tissue. There occur a flattening and a conden- 


I’ia. 



I. — Larfie iuivciUilious Iiur.sa ])rojecling along (lie lateral side of the fifth metal i 


hone. 


sation of the collagen fibers. 'J'liese changes arc followed by the 
intercellular space. Intercellular vacuoles then appear which sugps 'd ' 
within the cells. Gradually a cavity forms which is surrounded t|,c 

tillers. 'J'hese fibers, probably from jiressurc, become jiarallel to * 
cavil}'. The sj>ar.scly rli.slributerl nuclei of the connective tissue ce 
ovoid ami later flattened along tin; inner wail of the bur.sal cavity. riv 

Witli moveinenl of the einbrvonic limbs, the bursa become.s ^ 

(letined. 'fhe wall, which at first is relatively thin, 
lining takes on more of the appearance of a synovial membrane. 

. , , i- .y,, 

10. Clu’iiy, J. 11., :ind filioriiilcy, U. K.: J’lirsa and (lanidion. ‘ m. 

' . ■ .1 K', of Kahhit" .'h'l- 

11. Key. J, A.: Tin.* Kcforni:ilion of Synovial Mvinliranc »ii tliv 

Syiiovfcto’my, J. Uoiic Joint .Snrg. 7:79.1, 192.S. _ 

12. Iliirrows II. J.: and (langlia, Praetitioiicr 148;.i0, 19 ^ i '1 
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.\nat. 81;. W, 1926, 

I-!, r.lacl:, M.: I’rm.'O.'d Iiuidcnrc Strnctnri- and ncvrloi""''"* 
(lur'ai', .\nat. ftcr, tifl:.!.'.', !9,l-l. 


5om<- lliiiii;") .S'"'-" 


AT//.V.S— . i.ni lixnrior.', in -h’S. is 


(.89 


jirohahly not essomini for tlio foiniatiun of tlic luirsa. l)ni it is doubtful whether 
die latter ever attains full development without the stimulus of pressure and 
iiioveinent.’" With movement, the connective tissue cells and the collagen fibers 
become arranged in the bursal wall and the secretion of mucin, or mucin-like sub- 
Mances. is initiated. With pressure, the wall thickens. Through normal growth 
or ])v ilie formation of .adhesions the bursal cavitv often becomes nuiltilocular. 
l-arge bursas usually consist of a number of divided cavities. 

This manner of <levelo]iment has been observed for the bursas which are 
present at birth. While little study has been made f)f adventitious bursas, manv 
leones and much speculation have appeared, connected with their formation, 
irchow'- and many subsequent investigators**^ have c.xprcssed the belief that 
trauma or severe irritation leads to necrosis and liquefaction of the connective 
tissue and that the bursal wall is a secondary formation about the fluid. Such 
proteolytic digestion and liquefaction of tissues do take place at times, after 
injurvy but no bursal formation is observed. Schuchardt taught that adventitious 
ursas represented merely inflammator}- production of cystic new tissue. Their 
relationship -* to ganglions both in mode of formation and in histologic structure 
las been mentioned frequently. They have been confused with lymphatic 
ligroma-- and have been regarded as dilatations of existing lymphatic channels, 
ntertascial hemorrhages which do not absorb have been mentioned as possible 
precursors of bursas." 

Attempts to produce adventitious bursas in laboratory' animals have been 
entirely unsuccessful. The application of mild constant pressure on the skin 
oierlying bony prominences in rats or rabbits has invariably led to necrosis 

the tissues if sufficiently long continued, never to bursal formation. Inter- 
jnittent pressure cannot be applied to exactly the same area nor can the pressure 
e repeated often enough to stimulate the formation of a bursa except in horses, 
j shown adventitious bursas under badly fitting collars and saddles, 

njections of bland oily substances which were not absorbed have given the tem- 
porary appearance of bursal cavities with formed walls; but these cavities were 
oon replaced by scar tissue, and no true bursal wall was formed. 

. formation of adventitious bursas can best be observed in human beings 
cli ° wear badly fitting shoes or improperly adjusted apparatus. In\ 

vi'd'n devoted to disabilities of the feet, an excellent opportunity was pro- 

study.- of adventitious bursas in all stages of development from slight 
plic^t'^^ thickening of the skin to the completely formed bursa with its ccmi- 
Re ^ infection, hemorrhage and intrabursal osteocartilaginous bodies. 

initT d' ^ tissue at operations for the correction of disabilities of the feet per- 
^ I'stologic examination of a number of these bursas, which provided corre- 
— on With the clinical observ-ations. The histologic observations of this studv 

’ ^"Uvicklung und Bau der Bursae mucosae. Arch. f. Anat. u. Physiol.. 

''•^n|GeiSS’A^rch.YtlTn.C^^^^^^^ Schleimbeutel und ihre Beziehungen zu 

Ig krankhaften Geschwiilste, Berlin. A. Hirsclnvald. 1863 ■ 

'kr fibrinnia!^’ Verflussigung der Bindewebsfasern zugleich ein Beitrag zur Kenntnis 

jg ” Degeneration. Virchows Arch. f. patli. Anat. 163:44, 1900 

20'- SchichaYaY'T:- Patliolog>-, Philadelphia. W. B. Saunders Companv, 1920. 

“10:606. 1890 ’ Dntstehung der subcutanen Hygrome. Arch, f.' klin. Chir. 

22 Tow’ V’ Ganglion- Surg.. Gynec. & Obst. 47:410 1978 

nac 1 ’.if;; ^H^g|-ojn^ Wniorrhagique de la bourse sereuse’ du p'soas. Bull, et mem. 
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were then compared witli those from the further study of a large number of speci- 
mens of pathologic bursas and ganglions at the Boston Children’s Hospital. 

Clinical observations have shown that the formation of an adventitious bursa 
or the occurrence of irritating movement particularly over a bony prominence is 
dependent on oft-repeated mild pressure. Severe pressure applied once or con- 
stant pressure leads to hemorrhage or to necrosis of the tissues. The pressure or 
the irritation must be insufficient for the death of the tissue and must be often 
repeated for a long time for the devcloi)ment of a bursa, which is a relative!) 
slow process. On the font one fir.sl secs persisting redness of the skin, which is 
soon followed by callus. Beneath this callus a bursa is beginning to form, but it 
cannot be recognized in the tissues at this time. The palpation of a bursa is not 
possible for several weeks, and often the bursa cannot be found for seveial nioiU i.s. 
Continued irritation leads to an accumulation of fluid in the bursal cavitv, anc 
this makes palj^ation easier. 

Histologic study of tissues removed at operations in areas where adventitious 
bursas were developing or had fully developed permitted observation of the \aiioiis 
stages in the formation of the adA'cnlitious bursa. The first change obsence in 
the subcuticular connective tissue was a localized thickening of the relatne) oosc 
areolar tissue, similar to a mild inflammatory reaction but without eu voc) i 
infiltration. Following this early response, the connective tissue fibeis 
instead of the usual irregular arrangement a position parallel to tie 
exerted on the skin (fig. 2). These bundles of connective tissue fibeis 
showed a flattened, wall-like surface which at first was only seveia ® 
but became thicker under continued pressure. In the ' .^jrc, 

areolar tissue hemorrhage and edema were often observed."' J tci n 
a cavity containing fluid began to appear. . . , i 

In this cavity there was always one parallel fissure with ‘ 

lissures. As these fissures enlarged, a bursal cavity was foiinec. 
bursas were never seen developing in preformed spaces in ' Iji.. 

Martin observed that connective tissue loses its elasticity and te.u s i < 
subjected to repeated trauma. A bursal cavity could occui m ’ ‘ 

nective tissue fibers, but it is more probable that the jicjue cells 

accumulation of fluid beneath the area of jiressurc. rhe ' nctivily. 

subjected to irritation frequently .show vacuoles suggesting nnid 

Whether the fluid which is found at first in an adventitious xu ^ - 

or whether it contains mucin from the beginning is difneu t ^ 
have shown the presence of a mucin-like substance in t ic uic o inticiii- 

bursa at all stages in which examination was made, ibis coini>o>"'‘* 

like substance appears fairly early in bursal deyelopincnt. „ ’ . loca- 

])rotein with conjoined sulfuric acid,'"’ is found in the locy iii(cr.stice.s nt 

lions: on the surface of epithelial cells, as a secretion, am .^,,^1 i„hn- 

connective tissue. Mucin and related compounds pi omc e ic ■ , .v die 

eating action of the bursal fluid. This bursal fluid contain. 
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mucin-Iikc substance a small amount of protein and s:dts which prf)l)ahly come 
as a dialysatc from the capillaries ^urrounclin." the bursa. 

It is believed that all connective tissue cells can produce mucin under the 
ai'propriate functional stimulu'-. (larranll observed that all tissue originating 
from mesenchvme wa'- cbaraclerired bv the abilitv to elaborate intracellular sub- 



og. 2. — Photomicrograph of tlie tissues beneatli a callus on a foot; X 622. There is 
emorrhage in the superficial tissues. The connective tissue cells and the collagen fibers are 
mat arranged in parallel bundles. In two central areas with loose intercellular 

erial are the antecedents for bursal formation. 


Bennett, G. .A... and Bauer, W. .A.: Origin and Nature of Normal 
, Bluid, J. Clin. Investigation 18:351, 1939. 

d'an-!* H.: £tude histochimique de quelques tissues conjunctifs muqucu.x. Arch, 

•mat. micr. 30:6, 1934. 



^kchii’Iis or SU ■- 

' -dly like com,.oun<t. I« *<= ’'“'g';^ „««' 

.a„cos into a -^cons ^ „, connective the Ictal type of 

vowing tumors a ! ' interpreted to be . 

‘r„riSpon.c witiclt i, citatac.er....e 
:issne with tne \ ^ 



7,„„ the rif« '■“"ih.br >»•"• 

„ , _kaclv ..Jvcmilioin 'T^jrno'kr.niti”'' »' , c„m.«n''-' 


222. 


.vr,'/.v.v— . ,-/)i liSTlTK U '.V lU'h'S. LS- 


693 


toluidiue hhiv. l-’nnn ctiUinT.'- nj vvnnvial nicnihrane \'aui)c! cniiduficd tiial the 
Cells of the svtKivinl meiiihratie Itave (U'velnj>e<l the ability t<' form a synovial fluid 
and mucin to a sjX'ciai (letzree atid that they ditTer greatly from other connective 
tissue cells. 


After att advontiliutts bvirsa has formed, it is svihiect to the same pathologic 
changes that occur in the normallv ajjj'eariitg bursa. .\s the bursal wall becomes 
thicker, villous formation begins."’ This greatly increases the secreting surface of 
the Imrsa. The, lining membrane of the bur;-a may eventually become a true 
synovial membrane, but this degree of development in an adventitious bursa is 
not cominonlv seen.'" Infection i.s relatively contmon in adventitious bursas, 
especially in those of the bands and feet, where trauma often occurs. This infec- 
tion is rarely virulent and seldom is followed by a serious systemic reaction.='^ 
In the presence of infection there may be a slight jiurvilcnt discharge. Following 
-uch infections, the bnrsnl cavitv i.s occasionally obliterated and is gradually 
replaced hv scar tissue. Great enlargement of an adventitious bursa may occur 
with persistent irritation and trauma."' One patient had a bunion over the first 
metatarsophalangeal joint which, through prolonged irritation, enlarged until it 
covered the entire lateral and inferior surface of the great toe. Rupture of a bursa 


IS uncommon. In certain locations where enlargement of a bnrsa is diflficult 
because of its ligamentous attachments, thickening and infolding of the bursal 
"■all may occur ("fig. 4). 

^ Less common pathologic involvements are tumor formation and tuberculous 
mfection. Synovial sarcoma is described in bursas by Berger.^® There are two 
h''pes, one arising from ordinarv fibrous tissue and the other from more differ- 
entiated synovial cells udth reticulohistlocytic meshwork."'’ Xanthoma-like growths 
have been found in bursas by Jaffe, Lichtenstein and Sutro,*° who considered 
them to be inflammatory rather than neoplastic in nature. With long irritation 
well as with chronic 'infection, osteocartilaginous bodies may form in bursas.^ 
They arise by metaplasia of cells or in an attempt at repair “ b}- cells in the villi 
of the bursal walls (fig. 5). Tuberculous infection in bursas has been described 
h} Wassersug and syphilitic infection by Churchman.’’ 

Subcutaneous connective tissue will produce an adventitious bursa under the 
stimulus of repeated mild trauma, and the removal of that repeated trauma will 
otten lead to regression and sometimes to complete disappearance of the bursa. 
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This is observed best in small bursas such as those which form superficial!}' about 
the foot.’*'’ Here with removal of the irritation the bursa becomes smaller, and 
finally no further evidence of it can be found. In the thick-walled larger bursas 
complete obliteration is rarely seen. But with removal of the traumatic stimulus 
nature will attempt to remove a structure that is no longer required. Week by 



week one can see a gradual decrease in the size of the bursa. ^ 

months often no bursa can he palpated. But a thickening ol the ti.ssi 
bursal area can usually be felt for an indefinite period. If pressure a ^ 

45. Galland. \V. !•: Opcr.-itivc Treatment of Corni;, J. M- R- tOO.S. O Ofarc 




K( 7/.V.V— . ;ni KXTiTiors lu 'ks. is 


r.95 


2re again rxcrtfd over llie area f<ir several weeks, tlic hnrsa roaj)pcars and will 
soon reuirn tn its former sire. 

llic histnlogic study of tlie involved tissues during the subsidence of an 
adventitious Inirsa shows tlie reverse of tiie process whicii is observed in its 
•onnation. I he fluid in the l)ursa is grarlually ah'-nrlied. The bursal wall hccoinos 



'■'llouj (qj. adventitious bursa removed from the inner side of a foot; X 266. There are 
dninti beginning of a loose body from coagulum and cellular detritus. The 

s simulate a true synovial membrane. 


thinner • n 

hasieue'i ^'■"tcsions form between the two sides. This process ; 
- — hemorrliage.^“ Hemorrhage or severe trauma is followi 

^^ajwarj. Chirurgisebes Konsilium. Med. Klin. 27:1759. 1931. 


sometimes 

sometimes 
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Ijy calcification in the bui'sal wall.'*" The final stage will show only a thickening 
of the connective tissue, similar to a scar, in the area where the bursa has been. 
Occasionally this process of fibrosis proceeds so irregularly that it leads to a 
chronically painful area. 

Many attempts have been made to hasten the natural process of regression in 
adventitious bursas. Aspiration with or without subsequent pressure over the 
area has been of little help in causing the bursa to disappear more rapidly. Rapid 
obliteration of the cavity comes only with destruction of the lining cells.“° The 
simplest and most effective method is that of complete removal of the bursa. This 
is the treatment of choice at the elbow and the knee, where slow regression of the 
bursa would frequently interfere with normal use of the limb.®^ With the smaller 
adventitious bursa, the removal of the irritation or the pressure will usually lead 
to rapid relief of the symptoms and to slower but complete disappearance of 
the bursa. 

SUMMARY 

Adventitious bursas are frequently observed in subcutaneous tissues that are 
subjected to repeated pressure or friction. The development of these bursas is 
similar to the embryonic development of the normally appearing bursas. There 
is condensation of the subcutaneous connective tissue followed by the develop- 
ment of a fluid-containing cavity. True synovial lining is not often found m 
adventitious bursas. A mucin-like substance is found early in the development of the 
bursas. It is apparently produced by the connective tissue cells lining the bursal 
cavity. The same pathologic changes which are found in the normally occurring 
bursa are seen in the adventitious bursa: infection, enlargement, tumor formation 
and fibrosis. With removal of the irritating stimulus, regression of the bursa is 
observed. Complete spontaneous disappearance of the smaller adventitious bursas 
often takes place. The larger bursas usually require surgical removal. 
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I'lvACTURi-: (11- 'I'ln-: sii.\i-TS of I'.o'I'ii jujxf.s of 

Tin- l.OWKK HALF OF TliF l.FC, 


K, LlXi.'Ol.X. MI) 

AN'P 

HAK'KV (iORniMKK. M.I). 

NJ.W Y^>RK 


Tiie main oljjcctivc.' in the trcntiiu-in oi a fracture are i 1 ) tiie i)C5t possible end 
and (2) tlie shortest period of disability consistent witli such a result. Tlie 
'‘^ concern of tlie coinmunity at large and also of tlie patient is how long he will 
'^ disabled. Even in cases in which wage earning is not involved, as in those of 
' children, housewives, and aged {>ersons, confinement and dependence on 
ers are considerations of the first importance. Tiie literature and hospital records 
conspicuoii.sly lacking in data on when patients return to work or resume useful 

the of both the tibia and the fihula has become increasingly common with 
Jp ^fopment of the machine age. constituting 8 per cent of the fractures for 
also ^ have been admitted to one representative municipal hospital. It is 

the niost disabling common injuries. Fracture of the shaft constitutes 

c majority of the fractures of the bones of the lower half of the leg and is selected 

•O'- discussion. 

patients treated for fracture of the tibia and the fibula in Lincoln Hospital 
of Hospitals. New York) during the three year period 1939-1941 
'^usne numbered 176. Of these, 9 died, a niortalitv of 5.1 per cent.' 

0 senes whose cases are reported here is composed largely of those patients 
f)'oni just mentioned whom we were able to follow, plus a similar group 

of u ^'■ench Hospital and from private practice. A fairly typical cross section 
incl population is represented. Children under 5 years are not 

^d, as they can scarceh’’ be considered from the point of view of disability. 

The toward skeletal traction has been apparent during the past ten j-ears. 

pj.: P'us and wires has developed in spite of some reluctance to accept the 

can ^ puncturing of skin and healthy bone. Traction through the cal- 

^ later followed by distraction with pins drilled through both fragments 
and '!^°''P°''^ted in plaster. Good results have been reported by Anderson, = Curiy^ 
ij , ^Jdor,^ Griswold ^ and others. Patients are ambulatory, hospitalization 
uonun^ retention of fragments is efficient. There is danger, however, of 

separation of fragments. Infection of bone from skeletal traction 
Z!l^but seems to be rare. 

1 Til 

hospital '’Sures are taken from an unpublished report of the record room of the Lincoln 

Hbula An Automatic ^Method of Treatment for Fracture of the Tibia and 

3 '^-'■nec. & Obst. 58:530-646 (iMarch) 1934. 

h'se of Do^li Taylor, E. S.: Fractures of Both Bones of Leg: ^lanagement bv 

correcti’nn '•u-j ^'ccl Pin Traction in Plaster of Paris, Arch. Surg. 36:858-866 (Mav) 1938- 

4. S 

^Fthod A-: Fracture of Both Bones of Leg: Treatment bv Modified Boehler 

" -^e\v .Apparatus, J. A. At. A. 104:35-40 (Jan. 5) 1935. 
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Open reduction with internal fixation lias been advocated particularly for 
spiral and oblique tihial fractures. The difficnlty of maintaining reduction of these 
most common fractures of the hones in the lower half of the leg is jiroverhial. The 



Fig. 1 (case 19). — A, tibia and fibula showing comminuted fracture in February • 
B, same bones in November 1942. The fibular fragment and the free fragment of tie i 
arc united. There is fibrous union of the upper tibial fragment. 



Fig. 2 (ease 24). — A, marked comminution in August 1940. B, abundant callus ai 
cross union in October 1942. 

problem of treating them by other means has not yet been solvea. (-oii.sidcra' 
of nonunion and the accessibility of the shaft of the tibia are two o tc 


u.\'C0LX-i7(h’i:n!Mi:N—rh-.ii"irh-r. or r(>\r:s or rr.G 


(i99 


in favor of ojxni rccinction. '■ cxpros^vd the view tliat these frac- 

tures constitute a clinical entity and reported that tlic period of hospitalization and 
^he period of disability were greatly reduced following immediate wiring. Closed 
nietliods seem to he still favored by the majority, however. 

A modification of closed reduction has been nsed, with encouraging results. 

"0 pins are introduced into each fragment if the fracture is not too near the 
01 the hone, and an adjustable sifle i'ar is Jised f<'r fixation. The use of plaster 



tlin ^^’’^ihiated bj' this means, and mucli interest has recently been focused on 
involved." 

Treatment of Oblique Spiral Fractures of Both Bones of the Leg; 
(Oct' j 19 ^'j Treated by Open and Closed Methods, J. Bone S: Joint Surg. 23:910-916 

^.'nec Wilson. P. D. : Mechanical Skeletal Fixation in War Surgery. Surg.. 

p "^•■i6S-476 (Oct.) 1942. Lewis. K. M. ; Breidenbach. L.. and Stader, O.: The 
‘^Wuction Splint. ..Vnn. Surg. 116:623-636 (Oct.) 1942. 
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In our senes o 32 cases manipulation with ])Iaster immol)ihV.ation was used 
only mne tunes. Ihe grou]) tln.s treated included all but one of the youngest 
patients, and most of the shortest periods of disability were recorded for this group. 
Ihc bievity of the periods of disability is obvion.sly due to the adaptability of 
growing bones and to the lack of gross deformity in the patients so treated. ' 
Recumbency with Kirschner wire traction through the calcaneus was used in 
1/ cases, or a little more than 50 per cent. The wire was left in place on an ayerage 
o neaily foui weeks and was replaced by plaster splints when union was firm 
enough or was incorporated in plaster for ambulatory treatment. Compounding or 
associated injuries, including shock, were present in 10 of these cases. Many of 
t le longest periods of disability and poorest results were found in this group com- 
prising the most seriously injured patients. 



technical error in the reduction of a fracture in June 1937. Such errors 
are still seen occasionally. same bones in November 1942. Any benefit from tin's operation 
was probably due to stimulation from the drill hole. 

particular interest was a 54 j'ear old housewife, injured in an automobile 
accident, with multiple fractures of rib and injury of the head besides the fractures of the bones 
in her leg. Although she had fibrous union only of the tibia (fig. 1), she considered herse 
no longer disabled at the end of one year and showed good function of the knee and the an ' e. 
i here were outbowing and limp (case 19 in table). 

A SO year old laborer, also the victim of an automobile accident, sustained a 
fracture of the bones in the lower half of the right leg, with a persistent draining sinus (fig’ • 
The cross union shown in figure 2 B has rarely been encountered in our experience but , 
little clinical significance. In spite of complications, the patient after ten months walkcc ''> 
slight limp and did light work, though he was not able to continue steadily (case 24). 

A 56 year old laborer fell and sustained a badlv comminuted fracture of the 
of the tibia and the fibula of the left leg (fig 3)'. His convalescence was' comp heatet < - 
serious phlebitis and pulmonary infarction. The course of illness was stormy, and the pai t ^ 
was still disabled one and a half vears after the accident, though union wa.s firm and ''c.e 
bearing with a bandage was fair ('case 13) 


/./.Vt ( A’ ?( /ta*/ v*/ /^7^\/.^ oj /,/f(; 


Open R'cir.clii'n wa^ I'crMiinK'il ^ix tinn 

■} Mi-t.-iircti raj «■! 

^ u.c n'jjiil ( !;r. .! i . S!!'.- ri^jlijur. j 

■- 'C to ‘[.N a viii'.’a' ‘-rrru. 


=5^! Ah! 

nn,i 

'car ( trt 


' ^tj-tajjH'ti n:i jr.'utjjrc the itii<Mlc a:;'l he.vor t!;irf!- 

•!i. SIjc n^tlijur. uitij i.irchn-.- C";Ti!>l!i:nn"tj,'. An attempt wa- 
nt' wJiii a 'rreu. a !"!nt;<‘n. .ultnittcilly. nf tlic principle.-: oi 

n:t!i '' jj;;- '!i..:t<:;Tnt’. ant! aiicti!nt!";j i ■.■cnrrctl. t!n: tt-inc-: 'litiwcd firn: 
.i! ri-'n!! -ifttr 'c\rn ;i:<’nt!i'‘ <ii'al'i!itv i ca'c I I. 


- ' . "7 •7"'”.' '!ip;w-ii in tile 'trict. 'ii'tniinni; a ci'inp' oin'l fpirnl I'ractiirc or t!:e 
''ft t.J.Tii I,; ;h;. |,.j tilii.a. \t ini-!i wa' itnini diatiMv i-pcrr.tc! lei i tie 5 I -X Parliam ban'! 


v^' — spiral fracture in February 1941. B, Parham band fixation. C. 
"’completp^j'" 7.°yember 1941. The surprising superabundant callus raises the question of 
nimobiljzation or foreign body reaction. 


7J‘s,«sed w-ith 


'’*-'■5’ hospit r reduction, and there was good conralescence witii a total of fifteen 

"'tbin seven^ u"' Pt^obferation caused objectionable thickening of the ankle but 

months she returned to work with good function of the ankle (case 11). 

Pnd^a"s' treatment of 2 patients. One had compoundintr. 
'lints developed, necessitating the remo\-al of tlie plate after callus u-jts 


Aualysis of Dale on Thirty-Tivo Patients Treated for Fracture of Both Tibia and Fibula 
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Age 



Days 




No. 

and 

Cnu.“o 


In Ilos- Compll- 

DI>.a- 



Hv.k 

Trcolincnt 

jiltal cations 

Idllty 

Deformity S A E* 

Comment 

1 

■IS 

Fall 

Open operation; 52 

Carillnc 

7 ino. 

Eatcral 4 3 4 

Clinically good 




inetnl Fcrcw 


asthma 


liowing 

position 

o 

40 

F 

Fall 

Kirsbner wire 

00 

Congcnltiil 

dislocation 

1-.’ mo. 

Swelling 2 3 2 

History of 
hypertension 






of hip 



3 

39 

Automobile 

Dcbridcd; 

37 

Compoimdlng 

13 mo. 

None 3 4 4 

In army alter 1 


M 

accident 

KIr.slmcr plrc 




year 

4 

s 

Automobile 

Plaster 

■12 

Compounding 

mo. 

None 4 4 4 

Callus after 15 


y\ 

accident 





days 

u 

os 

Automobile 

Kirsbner wire 

r>3 


4 mo. 

Lateral :! 3 3 

No limp: decs 


JI 

nccldcnt 





angulation 

light work 

G 

10 

Fall 

Piaster 

27 


2 mo. 

4 mo. 

4 i i 


7 

p 

5 

Fail 

Plaster 

3 


4 4 4 



JI 






6 

73 

Automobile 

Kirsbner wire 

SI 

Injury of head; 

10 mo. 

Swcinng, 2 2 3 

Good recovery 


M 

Occident 



diabctc.s 


lateral 

despite age ol 








bowing 

75 years 

9 

G 

Fall 

Plnstcr 

rt 


7 wk. 

3 mo. 

4 4 4 


10 

JI 

1.3 

Automobile 

Plaster 

41 

Pliicbitls; 

4 4 4 



JI 

accident 



Colics’ fracture 




11 

5 

Automobile 

Plaster 

24 


7 wk. 

4 4 4 



F 

accident 




12 

i;i 

Fall 

Plaster 

12 


3.'A mo. 

4 4 4 



JI 




pain: still dis- 
abled alter P/6 

13 

50 

JI 

Fall 

Kirsbner wire 

00 

Phlebitis 

17 mo. 

Swelling 2 3 1 


Automobile Debridod wire 90 Compoundinc, S mo. 
ncfldent slougblnB 

Jump Klrslmer 


Fall 


Full 


Klrslmer wire 
In plaster 


Klrslmer wire 
Plaster 


Scar, 

bowing 

Swelling 


Automobile 

accident 

Automobile 

accident 


Automobile Klrslmer wire 
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accident 

Pall 

Fall 


Lane plate 


accident 
Fall 

Fall 

Football 
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Football 
Injury 
Automoblli 
accident 

Fall Open operation; 

Parham band 
Automobile Lane plate 
accident 
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KIrshner wire 
Plaster 


plaster 


28 


3>i mo. 

None 

34 


0 mo. 

Anterior 

28 

Wound of 

5 mo. 

bowing 

45 

scalp 

Fracture of 

lyr. 

Anterior 

54 

ribs: wound of 
head; erysipelas 
Compounding 

2 yr. 

and lateral 
bowing 
Lateral 

305 

Compounding 

4 yr. 

bowing 

Shortening 

05 

sliock: fracture 
of arm 

Compounding 

1 yr. 

None 

03 


7% mo. 

Swelling 

48 

Compounding 

10 mo. 

Deformity 

01 

Concussion: 

S'A mo. 

Swelling 

95 

pneumonia 

Compounding, 

n mo. 
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10 

osteomyelitis 

2 mo. 

None 

43 

Concussion 

18 mo. 


27 


5 ino. 

None 

90 

Compounding: 

0 mo. 

Overriding 

15 

shock: Injury 
of head 

7 mo. 

Swelling 

111 

Compoiindln/r: 

14 mo. 

Bowing 


osteomyelitis 




4 2 4 

4 S 4 
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1 2 3 

4 4 4 

2 2 2 

1 1 1 
1 1 0 

3 3 3 
3 4 3 

3 1 2 
3 3 4 

3 3 4 

4 4 4 

1 1 7 

4 4 4 


yr. 

Severe injury of 
bone and sou 
parts 

Two admissions; 
occasional pain 
in beel 

Skeletal traction 
and plaster im- 
mobilization 
combined 
Fain and edema; 
sedentary occu- 
pation 

Standing; eleva- 
tor operator 
Fain in leg: 
fibrous union 

Fain and limp: 
disabled 
Clinically good 
union: seques- 
tration 

PiEcharged after 

2 mo. in armi 

Some pain: “rer- 

weight; litiga- 
tion 

Sequestration; 
stili disabled 

Some P“|n, if 
back and leg 


Knee flexes 
degrees 


to 90 


3 4 4 


Pain and stiff- 
ness: disabled 
Joined navy 
10/22/42 
Improving: 
n^^irs brace 

Overweight; ii" 

gallon 

ppabted: lilis-'’- 
tlon 

iiipd from 


4. With 4 representing the maximum degree. 


702 


70.1 


1.1 . \ i I 


h'.U ii'h'i: < >/ l^llXIiS f)/' IJi(i 


liy tOc r» ' l; 

!n:;r(] :>i Mjv,. .-j 

ill v,-nrk with tiic iii .■ 

ikooii rivitvoiic- ii',!! V. (Te 


nr.i. ']'!;(■ oilier !in'! :i simple' oliliqiic iVnciurc which 
reiiiicli.i'.i \\i',h niniiijiiiiation aiir] jilastcr. SIic returned 
til seven and onedinlf inontlis after injury. Botli made 
in\'ii!\'ed in hti^^atmn. wliich frequently is jirejudiciai 


lO i enod> ,if di^ahiiity. 

-Oliver wirev were UM<i in the ra^e of a year old ”irl wiio wa.s struck hy an 
ntitfiiiKiiiile, sustainin'.: a i>adi\' comminuteil fracture of the niirldle tliire! of the tiliia. 
which slnuelu'ii exten-ivelv. Iseunnal of the wires hecaine neces.sary. Witii a .skin 
^rau a "ood funciionid re-ult was olitained. tlian];s tei tlie reparati\e poveers of 
yoiitli. Weiylu hea riny -a as iieeun. and walkini: witlmut limp, one year after the 


accident (case Id ). 


A niiddle-a,t:ed j'rofe.-sit'ual woman sustained a compound fracture of the lower 
third of tile ricrlit ley', with concu-'ion and injury of tlie lie.ad. Dehridiny' and 
-'Uturc Were followed in- union in three months; weiirht hearing and .some earning 
capacity were jire.sent at nine month'. .\t the time of writing, fourteen months 
sttcr the accident, she can stand and walk short distances with a cane and wearing 
2 leg brace ( case ,i0 ) . 


.Itt'rat/es and lotah 


.\vcrace arc 

-tverape ii'-riod oi <II*.aMlity. 

.\vcraco stay in lio‘pItal... 

Ciipp.e In which cciinpound fracture was <d)«cncd 


C'l.C yr. 
0.7 mo. 


iri.c day. 

IP. or Cl. CO- 


Causes 

Fall 

.\utomohIlc accident. 
Other mi. haps 

Treatment 

Kirschner « ire ... 

Plaster 

Open 


It cases, or 40.~'~c 
l.j cases, or tC.fC^ 
U case.., or P.t^ 

K case... or 
V cases, or 
0 cases, or IS.S'T 


In evaluating these results one notes three fundamental factors becoming 
'ncreasingly clear : 

I- The mental endowment of the patient and the nature of the occupation were 
great importance. One patient who failed to return to work was on relief before 
hs was injured, and his general makeup limited the emplo 3 -ment available to him. 
Another, who had his own tailor shop, returned to work after eight months although 
le had sustained concussion and contracted pneumonia during convalescence. 

2. Associated injuries and complications, especially vascular trauma and cardio- 
i'scnlar conditions, prolonged disability and impaired end results. 

Compensation and medicolegal claims are too well recognized to require fur- 
. comment. Some of the patients who walked without limp and showed good 
Junctional results remained out of work pending settlement of their cases in court 
ns long as compensation was continued. 

SUMilARV .VXD COXCLUSIOXS 

.^hirt3--two cases of fracture of the shafts of the tibia and the fibula in which 
nous methods of treatment were followed are presented. 

he periods of disability- of those who returned to work averaged five and 
''^'-en-tenths months. 
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Marked improvement in methods and in results of treatment has been observed 
over the last ten years. 

Skeletal traction can be used with reasonable safety and with expectation of 
good results. 

Open reduction is indicated in selected cases. 

End results are difficult to evaluate, and length of disability is not an accurate 
index of the efficiency of the method of treatment or of the severity of the injury. 

Of the 6 patients who had not returned to work when last seen, 3 have the 
poorest results recorded — four years, two 3fears and one and one-half years, respec- 
tively, after injury. All 3 patients showed bony union, but in 2 there was chronic 
osteomyelitis. 

175 East Seventy-Ninth Street. 

910 Grand Concourse. 



nKVi-:i .( nv t]]k utmax KXi'.i-: ioixt 


n:(i j nhKMo-rr. m u 

1' : ■*! MM 

inUTr>t ill (!i'\clii[iiiu:):.-il .-uk! ;iOji;iri-d ]<atlii'Iii;,'if di-'-tiirliaiiccs m" the 
inciiivctifc.'; (if tin- hiue jniiit pn'iiijiU'd me to seek an answer to the variations seen. 

was desirous ehiellv of learning the origin and time of appearance of tlic 
nirniscuscs and of tin- svnovial memhrane and their relationship to one another. 
1 C current le.xthooks and availahle literature were inadcipiatc and confusinjr on 
'CSC points hecanse of widespread dis.aereement amoni: various antliors. The 
concept of i]ie development of the knee joint varied according to tiie approach, 
^hetlicr from tlie point of view of emhryology or tliat of comparative anatomy. 

1C present study is based on einlirvidogic observations and study of Innnan 
iinatomic .specimens alone. 

co.M r.\R.\Tivi; .•vN’.\Tn.\i v 

In 1887 Sutton ' e.xiilained the origin of the intra-articuiar structures Iiy the 
'"drawing of c.vtra-articular ligaments witli the assumption of ability to flex tlie 
joint, din, meniscuses were said to be deriverl from tlie femorocaudal and 
associated muscles by tlie mechanism he suggested. 

^ortain mammals, such as tlie iieaver. Ungulata. Hdcntala and Monotreinata. 
knee joints made up of three compartments, and cavities of tins type Iiave been 
fneountered in man.- TIic ligamentum mucosuni and tlie alar ligaments as seen 
ic usual human specimen are considered to be the remains of the wall separating 
^ patella and the femoral condyles. 

. The anterior cruciate ligament and the ligamentum mucosum are not separated 
"c lower monkeys as they are in man.“ Macacus rhesus has an internal 
lilce that of man, but the e.xternal meniscus is continued obliquely across 
joint behind the posterior cruciate ligament to the internal femoral condyle, 
posterior part of the external meniscus is firmly attached to the tibia, 
att R ^ structure known as the ligament of AWisberg, which in turn is 

^o the femoral cond 3 -le so that the difference between the two species is 
jq '^*^7 marked. In all joints of the mammalian type the meniscuses are attached 
"een ^ rather than to the tibias. The added fixation noted in man has 

K J* to be present in order to bear the added strain of standing with the 

m e.xtension. 

Tl 

Qj- external meniscus of the baboon, the ven et and the spider monkey and 
____^^^^^otreme is ring shaped while the medial one is crescentic. This configu- 

and Departments of Orthopaedic Surgerv and Pathology, Harvard Medical School 

■ Rea Hospital, Boston. 

the Clin' Boston Orthopaedic Club, Boston, Feb. 7, 193S. and presented in part at 

j wsl Congress of the American College of Surgeons, Boston, in November 1910. 

Son & T B. : Ligaments : Their Nature and Morphology-, Philadelphia. P. Blakiston. 

^ ^o., 1887. 

• Complete Septum in the Femoro-Tibial Part of the Knee Toint. T. .A.nat. 

■ '“I- 27. pt. 3. 1893. 
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ration is also seen rarely in man. Both mcniscuses of the long-eared bat (Plecotus) 
are ring shaped. No meniscuses have been found in those animals whose knees 
have no power of rotary motion, such as the fruit bat (Cheiroptus). 

The most primitive arrangement of meniscuses is that in which both are attached 
] 30 steriorl)’ to the femur as in the duck mole and the anteater. Other mammals 
show attachment of the external one to the femur posteriorly and of the internal 
one to the tibia ; however, in man both are fixed posteriorly to the tibia. 

In all monkeys and monotremes the superior tibiofibular joint communicates 
with the knee joint, but this feature is not seen in Insectivora and has not been 
reported among many types of anomaly seen in man except as stated by Sir Arthur 
Keith.* 


LITERATURE. 


The general lack of detail and the striking variance of opinion are well illustrated 
by the data presented in the following literature. 

In Gray’s “Anatomy of the Human Body’’ “ it is stated that in several 
diarthroses the mesoderm between the ends of the bones does not become absorbed 
completely, a portion persisting and forming articular disks, but no details are 
available beyond these statements. 

Arey “ stated that the ligaments and the tendons in adult joints represent 
secondary invasions into the joints covered bj' reflected synovial membrane and are 
really external to the articular cavities. He also expressed the belief that the cells 
on the inner surface of the capsule merel}' flattened to form what he calls the 
epithelioid synovial membrane. 

Bardeen ’ made the statement that the semilunar disks and the cruciate ligaments 
are differentiated directly from the blastema. He was unable to demonstrate an} 
evidences of phylogenetic structures discarded during ontogeny. 

Keith expressed the opinion that the meniscuses are remnants of the 
chondral disks projecting into the gap between the articular surfaces. Accor nit, 
to this author, the development of the femoral condyles toward the poplitea space 
isolates a posterior part of the capsule, which comes to lie within the joint anc 
forms the cruciate ligaments. Occasionally the human knee communicates v J 
the superior tibiofibular joint through the synovial diverticulum beneath 
of the popliteus muscle. The exclusion of the fibula takes place, accotc tng 
Keith, about the eighth week of fetal life. He also made the statement t la 
articular cavity starts as five separate synovial compartments, which become c 

tinuous about the fourth month. 'nter- 

Keith said that all joints are formed by disappearance of cells from tie i 
chondral disk, starting at the periphery, and that the perichondriuni gn es r 
the capsule. He insisted that the synovial membrane takes origin from i 

chondrium and is cartilaginous in nature. entiatecl 

Bardeen stated that the meniscuses and the cruciate ligaments are i . 

directly from the blastema. He recorded the sequence of events as 
meniscuses, capsule, cruciate ligaments, patella and finally ligamentum ” 
ail being derived from the blastema directly. He says a cavity is first seen 


4. Keith, A. : Human Embr 3 'ology and Morpholog}', ed. 5, Baltimore, William 

Companv, 1933. . , , i,,- Warren I- 

5. Gray, H. : Anatomy of the Human Body, ed. 22, revised and rce 

Lewis, Philadelphia, Lea & Febiger, 1930. . . Co.mders Company, 

6. Arey, L. B. : Developmental Anatomy, Philadelphia, . B. Sau » romp.nnv, I91^' 

7. Bardeen, C. R. : Human Embryology, Philadelphia, J. B. Lippmco 
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Between 52 and 55 days tlie process of cliondrification is more advanced in the 
femur and the quadriceps muscle is recognizable. The region of the future knee 
joint is well demarcated and consists of the sclerohlastemal disk between the femur 
and the tibia as described (fig. 1). The perichondrium still appears as condensed 
blastemal tissue with no further difl'erentiation. The sciatic and tihial nerves are 
seen. Cliondrification is more fully developed in the tibia and the fibula. There 
are no tihial spines. The condylar prominence of the distal end of the femur is 
present. The skeletal structures of the foot plate are seen in precartilage form. 



Fig. 1. — Photomicrograph o£ a transverse section of a knee joint at tlie feta Oo'iver 

55 clays, showing a dense blastemal mass between the femur (upper bone) and ic i 
bone) with no evidence of a joint space. Alum-cochineal ; X HO. 

At the age of 60 days the cartilage is more mature in 
increase in the amount of matrix. The interchondral disk has begun 
and small degrees of decreased density and irregular loss of ce u ai ^ 
anteriorly and posteriorly. These changes appear to be in the natur^ 
and complete dissolution of the cells in the area without the fine 
different stages of disintegration. This loss of substance is the rs 
formation of the cavity of the knee joint. Condensation of blastema o 
of the patella is noted. The central portion of the interchon ra m- 
dense. The posterior curve of the femoral condyles is well in 

.'Xt 8 to 9 weeks the femur, the tibia and the fibula consist ol ,-i\vay 

die regions close to the knee joint but are composed of more mature c. 



/ ’/'A '; 


JolM 


70 ') 


Irur.i tiu' U'iot :;!! n; tin- In. i- ;> i-niulcii'-atii m Iirmd iif 

cnur.al ccil>. tr.< in:<;.ir,c .-r jtciu'lo'OiIriniii. In tiio rc_”iiin 

0i liK' kr.ic ji.;;-;*. j'lu- .-jcu c ! n !v, ccn jl'.i' liiiiif.. j.- filicd li\- a nia.s^ i.f nic.-encliyinal 
ti.'MU' or Matiinia v.Iiicii •mcwhal I<-.-- jliaii liiat f. >rinin:: tiic jieri- 

cnnnannin. ’I'ljc oriN in jlic i-<-;'.l:al ]‘<.rti"n ir' tin- jiiinl aioa arc compactly 
‘arranged vdiiU- :!ios, at ti’c :p!'.i ry. altlion.-di liki- ai'pcarancc. arc Ic^'^ compact. 


® ^ coronal section of a knee joint at the fetal age of S to 

'’’'^senchymal m*'" earliest signs of formation of an articular cavity as slits in the dense 
pi,Q, between the femur (above) and the tibia (below). Hematoxylin and eosin; 
dno- ?'^’*^cograph of a coronal section of a knee joint at the fetal age of S to 9 weeks. 



'S'ng eaVlv'^' = 

'’j'nute cavitip=^°'''V^^^'^® ^ tbe mesenchymal tissue above the tibial condyle as well 

'^'Sht of tib'*'l 'central portion of the interchondral disk. Note that the fibula (see to the 
'a condyle) does not articulate with the femur. Hematoxylin and eosin ; X 

future^ toward the periphery’, and on either side of the joint area, near 

s^rticulating surfaces of the bones, are four slitlike openings (fe- 2^)- 
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Over the proximal end of tlie tibia the two distal slits coalesce and the cavity 
extends across the entire joint area. In the region of the widest portion of the 
intercondylar notch, there is irregular vacuolation of the mesenchymal mass. There 
is no evidence of participation of the fibula in the knee joint, and the tibiofibular 
articulation is poorly demarcated (fig. 2B). The capsule is not yet present. The 
region of the meniscuses shows the dense arrangement of blastemal cells, but the 
form is only of broad masses with no actual separation of the parts into definite 
structures. Condensation of mcscnchynia for development of the patella is recog- 
nized, and posterior to this is an incompletely developed cavity which does not 
communicate with the other cavities mentioned. 


During the ninth to tenth weeks it is seen that the general contours of the 
tibia and the fibula are as in the adult c.xcept for indefinite!)' outlined tibial spines. 
The femoral condyles are better demarcated. The articular margins are composed 
of more mature cartilage than at eight weeks. 

The joint space is quite well demarcated, even in the central portion, into four 
compartments, viz., one inferior to each femoral condyle, and one superior to each 
tibial tuberosity. Anteriorl)' these are separated by a mass of blastemal tissue m 
which are numerous small cavities of varying size with no definitely demarcated 
quadriceps pouch. The mass of blastema in the midline of the joint thus acts as 
a I'ather complete septum in the anteroposterior direction. The capsule is beginning 
to appear in the superior half of the joint and stands out prominently as a thin 
dense band of parallel young fibroblasts continuous with the perichondrium. The 
cruciate ligaments are easily recognizable as compact masses of wavy strands-— 
young fibroblasts. Both cruciate ligaments are quite separate from each otlier anc^ 
can be traced in all directions except at the anterior and the posterior poition ot 
the joint. The meniscuses ai'e well separated from the articular surfaces aiic 
consist of very dense crescentic masses of young fibroblasts with attachments o 
the capsule and the cruciate ligaments as noted in the adult. They are homogeneous 
throughout. The capsular tissue is less dense than the meniscal masses, anc t le 
cruciate ligaments are comparable to the capsule in tins respect. In those 
where the meniscuses fuse with the capsular and cruciate ligaments and the 
surface of the tibia, the transition is an almost imperceptible one 
these structures are composed of tissue in essentially the same 
of differentiation. There is no well developed synovial membiane. I ’o 
vessels are found except at the periphery of the joint, and as yet they ia|0 
penetrated any of the intra-articular structures. The cartilaginous pa e a 

appeared. ^ from 

At the age of 10 to 11 weeks the articular surfaces 
the picture seen in the embryo a week younger. The patella is easi ) 
and consists of early cartilage. The articular cavity is somewhat '^'^sentum 

in that the quadriceps pouch is better demarcated and the complete nuc me^ 
shows less prominently. The joint space is now rapidly approaenng 
of a single cavity of irregular outline with disappearance of a 
aforementioned septum by coalescence of the small cavities previous } j,, 

(fig. 3). The cruciate ligaments and the meniscuses are now the 

appearance but show no other changes. No blood vessels are ps, 

3 . but capillaries are noted in the blastema about the crucia ^ 


memscuses. 


At the age of 12 weeks the cartilage of the distal end of ^ ^ ^ 
proximal end of the tibia is quite well developed and some bone ^ large 
appear in the central portions of the shafts. The joint cavit) eoiisis 
irregular space of essentiallv the .same contour and relative size 
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joint.’" '1 lie nH'ni.‘-cii^o> aro well <k-vc!i>]>c<I and crc.'icciitic in nntlinc. a.'^ 
iiiuinoitcd i'rcvion.sly. 'l'in.-v aif attaclual at ihf ]>oriphiTy to the cai).'nlc, and a 
'ii?gc?tion of coronaiy Ii"anu-nt'' i," now nottai. It cun^i^ts of a definite rlecrea.'ic 
”1 the density oi the t'lhrolilastie mass l>etween the jieripliery of each meniscus 
'ind tlie capsule together witli a differentiation in contonr which ontlines tlic iiorder 
01 tile disk more sliarjily. In this region capillary blood vessels have penetrated 
*’'0111 the capsule hnt do not appear to have progressed into the meniscus. Ifach 
’nen;<(;u 5 presents a honiogeneons cellular slrnctnre of fibroblasts (fig. 4). The 
tihial spines are recognizable. 'I'lie cruciate ligaments arc prominent and casilv 
'-hiigiiislicd ironi one another by the direction of their jiarallel hhers. Snr- 
’'O'-niding these, the intercondylar notch contains a small amount of loosely arranged 
* qi”tc well developed fibroblasts. 'I'lie cavity is not lined by any specialized 
s^oiip nr layer of cells. .\t this stage there ajipears to be no dilTcrcncc between 



Pi '* 

of an oblique section of the knee joint at the fetal age of 10 weeks, 
(left) a between the femur (above) and the tibia (below), the patella 

the extent of the articular cavity. Hematoxylin and eosin ; X 28. 


the 


cells 


’hose f the articttlar surfaces of the bones, those of the cruciate ligaments. 

meniscuses, those of the coronary ligaments and those of the capsule 
fihrobl appear as somewhat more full}- differentiated 

co„i , ''"bile those of the meniscuses and the cruciate ligaments resemble less 
c'ciitral ^ mesenchymal cells. The meniscuses are attached to the 

sliariB 1 .P'^’^tion of the tibia at their anterior and posterior ends, and are wedge 
section. 

'”atur ^ at 12i/< weeks shows the articular cartilage somewhat more 

cciij - continues to be covered bj- the cell layer previoush- described. The 
hgaiiip^ aieniscuses. periosteum, capsule, cruciate ligaments and coronaiy 

— _Jj_yappear to be better differentiated (fig- 5.4). Blood vessels are seen 

iw Note.s on the Form of the Cavity of the Knee Joint, Bull. Johns Hopkins 


15:163 


(Oct.) 190-4. 
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in tlie loose tissue surrounding the cruciate ligaments and in some areas a])pcar 
to be entering the mcniscuses from tlic coronary ligaments. 'Jlie ligament of 
Wris!)erg and the ligamentum transversum have not been recogniacd. The 
ligamentum mucosum and the alar ligaments have as yet shown no definite outline. 
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Fig. 4. — W, photomicrograph of a meniscus at tlic fetal age of 1- '/jj.jjjato.x.vh'" aii<! 
matrix is present, and the synovial membrane has not made its appearance. ^ ,,,(.,',isciis shown 
cosin; X 200. II, photomicrograph at higher magnification of a portion of >e jicnia- 

J«i ./ Thf*rr» !«: nriifnrntlf r of r^Httlnr ctriirtiir/'. with IlO CV’iclcDCC OI n S>no\I‘t 


ill A. There is iiniforniity of cellular structure, with no evidence 
toxvlin and cosin ; X S60. 


In the embryo of 13 weeks little change as far as difiereiitiation 
can he seen. The menisenses appear to contain collagenous inatri.x. ^j,e 

.•ihundant reticulum. 'I'liere is no svnovial lining over the articular 
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Wood vc??c]s nro now scon in tlic ]>cri]dicry nf tiic mcniscnscs and in the connective 
tissue ahont tlie cruciate litjainents. 

nr Id’,:, weeks, tile cartila.t;c of tile joint shows further 

P ogression toward maturity and the same layer of flattened, elongated cells persists 



''eeks, showing^.- . of a coronal section of a knee joint at the fetal age of 12lA 

eosiii; V 19 meniscuses and the extent of the articular ca\'ity. Hematoxylin 

yfs Weeks, sho" •’ * Photomicrograph of an oblique section of a knee joint at the fetal age of 
'Saments fcent^'V^^A . contour of the joint space, the meniscuses and prominent cruciate 
'.'-enter). Aniline blue ; X 20. 

pvcr the art' 

'P the can ^ surfaces. There is more collagenous matrix, and the reticulum 
P’t-nts is le^^ meniscuses as well as in the cruciate and coronary liga- 
^®s. There is a hardly perceptible union of coronarj- ligaments and 



714 


ARCHIVES OP SURGERY 


meniscuses. The latter are of the same distribution and configuration as the adult 
disk. Tlie cells forming the meniscuses show an increasing tendency for their 
fibers to be arranged as straight and slightly wavy collagen bundles. The cruciate 
ligaments are better separated from the meniscuses at the anterior and posterior 
ends of the latter. They can now be recognized as separate entities because of 



Fig. 6. — Photomicrograph of a coronal section of a knee joint at the fetal age of IS to 16 
weeks, showing the meniscuses and the cruciate ligaments, which, together with the joint space, 
show little change from the status seen in figure SB other than increase in size. Hematox34m 
and eosin; X 16.5. 



the fact that the point of union is marked by less densely compacted cells 
The ligamentum mucosum and the alar ligaments are composed of nc 
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fibroblasts with a small amount of collagen. They arc moderately vascular, the 
vessels being chiefly cajrillarics and small vessels with poorly developed walls. 
Xc definite synovial membrane is recognized. The mc.^enchymal tissue about 
the cruciate ligaments is smaller in amount, loose and edematous and shows areas 
of degeneration. 



'be poTt! ~i'^’ Photomicrograph of a sagittal section of a coronarr- ligament and a meniscus at 
oi tile * • ^ weeks. A dense synovial layer is seen covering the entire free surface 

'"'0 'he small blood vessels in the coronary ligament and in the outer 

ffematoxvl^* meniscus, with a relatively avascular central region of the latter structure. 

• ®>id a me ^ Photomicrograph of a sagittal section of a coronary ligament 

absence adjacent joint surface at the postnatal age of 3 weeks. Note the 

tov-vi;,, - ®>movial covering over the articular cartilage at the right upper comer. Hema- 
• . un and cosin ; x 60. 



716 


ARCHU’ES OP SURGERY 


During the following two to three weeks the changes are chiefly those of 
increased growth and more complete differentiation of individual cells (fig. 6). The 
articular surfaces of the bones are covered by a thin layer of flattened cells, and 
beneath this normal hyaline cartilage is easily recognized. Blood vessels can be 
seen in the outer portions of the inenisctises. The connective tissue about the 
cruciate ligaments is more looseh" arranged, less in amount and more vascular. 
The meniscuses are very compact and contain increasing amounts of collagen, but 
no cartilage matrix. 

At the age of IS weeks growth has become more and more rapid and the 
process of differentiation more complete. The meniscuses show blood vessels 
extending well into them, even to their tips, so that they are highly vascular in 
some places. The cruciate ligaments stand almost alone, and a few vascular 



Fig. 9. — Photomicrograph of the free border of a meniscus at the age of J , -,j)rupt 
the presence of a synovial membrane over the vascular e.vternal jwrtion on the Ic 
disappearance of the membrane over the avascular weight-bearing area. Hems ox. 
eosin; X ISO. 


elements are noted within them. A definite s 3 'novial lining is not pj^ig 

some areas on the surfaces of the meniscuses the cells appear to )e 
rearrangement. This consists merely of a more dense grouping of t le 
cellular elements involving those closest to the free surfaces for a ep i 
or five cells. _ _ . the 

During the following week the chief changes in addition „|,jjrancc 

increase in vascularity of the cruciate and coronary ligaments and JC 
of definite fat cells in the mass of connective tissue inferior to the pa e 
now a definite infrapatellar fat pad becomes a reality. Previous^} 
been onh' a mass of loosel\' arranged fibrous tissue. The s}no\ia 
is not as vet definite. 
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When the cmhrvn has reached 20> j weeks, tlic femoral condyles are quite 
prominent and the intercondylar notch ))ro]K'rtionately deej). F.ach articulating 
surface presents. ]iarallel to the surface, a thin layer of elongated cells, between 
'vhich one fnids little inatri.x. It now rcscinl)les very closely that in the adult. 
Reticulum is no longer i)resent in this region. Along the free borders of each 
meniscus the cells are somewhat more flattened and form a distinct compact layer. 
Some of the surface cells ])roject into the cavity. This layer, although composed 
of the same elements as the hulk of the meniscus, is difTerent in the arrangement 
of its cells, h is interpreted as being the first definite evidence of tlie forma- 
tion of a more specialized layer lining the joint, and may he called the synovial 
membrane (fig. 7). It is not uniform and in some areas appears to extend over 
the entire meniscus as far as the latter’s attachment to the cajisnlar and coronary 
ligaments and for a .short distance over the joint a.spects of these structures. Xo 
sniovial membrane is seen in other portions of the joint except possibly over 
portions of the ligamentum mucosum and alar ligaments. The regions immediately 
beneath the svnovial membrane arc verv vascular. 

29 to '30 weeks there is little increase in the amount of adipose tissue in 
the future infrapatellar fat pad. There has been great increase in growth of all 
the structures with little modification of fonn. The articular surfaces are more 


mature and are now composed of hyaline cartilage to their ends, except tor a few 
fattened elongated cells. The synovial membrane appears to line the entire joint 
space except over the ends of the bones. Synovial villi are beginning to make 
meir appearance. 


-■^t birth the changes from the foregoing picture are of growth only. The 
'Tieniscuses are covered by synovial membrane on all aspects except at the point 
° ^hachment to the coronary ligaments and the capsule (fig. 8). They are quite 
'ascolar except at their tips. 

During the following two to three r-ears the alterations within the knee joints 
primarily those of growth with one striking exception, viz., the meniscuses 
ecoine more and more avascular and the amount of collagen increases rapidly, 
he final result is that they consist of masses of dense collagenous tissue, the inner 
*^''0 tliirds of which is entirely without blood vessels. Equal!}- striking is the fact 
’at the synovial membrane disappears from the free borders in those areas which 
ear weight (fig. 9). .A.t no time during childhood was any suggestion of cartilage 
’’’atrix noted in the meniscuses. 


COJIIIEXT 


the microscopic development of the human knee joint it is difficult to 
^‘’ognize any but a few definite manifestations of phylogenetic phenomena." 

wcver, they can be recognized readily in the infrequent congenital anomalies 
and* operations, at postmortem e.xaminatious and in dissecting rooms. Discoid 
ring-shaped meniscuses are not too infrequently encountered, and their origin 
^.^Phained by those interested in comparative anatomy.’- The same applies to 
‘ riQus types of division of the articular cavity- and types of meniscal attachment.’’ 
loi huportant to appreciate the fact that the meniscuses are well developed 
before there is any suggestion of a symovial lining in the joint, especially- 


S. Congenital .Abnormalities of the E.xtemal Semilunar Cartilage. 

(April) 1937. Ellis. V. H.; Congenital Abnormalitv°of 
p -'^'ri'liinar Cartilage. Lancet 1:1359 (June 25) 1932. 

External Semilunar Cartilage, J. Bone &- Joint Surg. 16:804 (Oct.) 
hre>crr'.W:'o ■ Comparative Anatomy of Semilunar Cartilages of tlie Knees: N’ormal 
p . ° Lone m Menisci of Some .Animals. Arch. Path. 15:599 (.April) 1933. 

orzmark. M. H.; Evolution of the Knee Joint. J. Bone S: Joint Surg, 20:1 (fan ) I93S 
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when one attempts to explain the genesis of ineniscal cysts on a developmental 
basisd"* The fact that the synovial membrane is first seen at approximately the 
time fetal movements are usually recognized b)’’ the mother is certainly interesting. 
Also it seems that this covering disappears from those portions of the ineniscuses 
that are exposed to weight bearing at the period when the child is beginning to bear 
weight and use his knee joints really well.^® 

Nothing which could contribute to the information on the origin of synovial 
fluid was recognized in this study rvith one exception. It is quite definite that 
the synovial membrane is entirely derived from connective tissue, by rearrangement 
of cells rather than by special differentiation. 

The ineniscuses which are so commonly termed semilunar cartilages are in 
childhood, at least, composed of collagenous tissue, and one may well feel that 
the term “meniscuses” is preferable. 

The intra-articular structures, which are derived from a common source, appear 
to arise directly in the same relative position in which thej'^ are found in the fully 
developed joint. Accordingly it is difficult to accept the suggestion that the 
meniscuses and the cruciate ligaments are secondary invasions into the joints with 
reflected synovial membrane to cover them. Furthermore, the synovial membrane 
appears to result onty from a rearrangement of fibrous tissue cells on the inner 
surface of the capsule and over the free borders of the meniscuses; it has the 
same origin as the structures it covers and does not present an appearance whicli 
would suggest an epithelial or an endothelial nature. 

Keith’s idea that the cruciate ligaments arise from inclusion of a portion of the 
posterior capsule within the j oint does not geem to be borne out by my observations 
that the curve of the condyles changes little if any after the appearance of the cap- 
sule. The cruciate ligaments can be seen to arise directly by condensation and 
differentiation of the blastemal tissue of the interchondrai disk as earl}' as 9 to 
10 weeks, at which time the capsule is little in evidence. 

The perichondrium is well differentiated before the appearance of the synovia 
membrane. Although both have a common source in the undifferentiated blastema 
of the limb bud, it does not seem reasonable to assume that the perichondrium 
gives rise to the synovial lining of the joint as Keith suggests. 

I was able to recognize cruciate ligaments prior to the appearance of tie 
capsule, contrary to the observations of Bardeen, but am in agreement wit ns 
statement that the meniscuses and the cruciate ligaments are differentiated irec } 
from the blastema. 

SUMMARY 

The development of the knee joint is traced by means of serial sections froi 
the third week of fetal life to birth, and the meniscuses are studied to ^ , 
of 12 years. Particular emphasis has been placed on the embvyologic 
the intra-articular structures and the chronologic relationship between t 
and the synovial membrane. Topographic rearrangements of the synovia mei 
in early childhood are recorded. ritivc 

A review of some of the literature on the knee joint in the field o 
anatomy, as well as a review of the more significant available literature i 
embrj'ology, has been included. 

14. King, E. S. J. : The Formation of Ganglia and Cysts of ^ 

vations on the Golgi Apparatus, Surg., Gynec. & Obst. 70:150 (Feb.) • Anat. CG:2I0 

15. llfacConaill, M. A.: The Function of Intra-Articular Carti ages, 

(Jan.) 1932. 



McDermott— DEFELOPMEXT OF KXEE JOIXT 


719 


CO.VCLUSIOXS 

1. The articular cavity of the knee joint develops by disappearance of cells 
from the substance of the dense blastenial interchondral disk between the tibia 
and the femur, with coalescence of several primary spaces. 

2. The meniscuses and the intra-articular ligaments, as well as the capsule, are 
differentiated directly from the blastema which remains after the disappearance of 
cells resulring in the formation of the joint space. 

3. The synovial membrane makes its appearance by rearrangement of cells 
over the free borders of the meniscuses and the inner surface of the capsule after 
these structures have been well differentiated. 

4. At no time does the synovial membrane cover the articular surfaces of the 
bones. 

5. The synovial membrane does not consist of endothelial cells. 

6. The meniscuses are fully developed several weeks before the appearance 
of the synovial membrane. 

7. Limb buds are seen during the third week of fetal life. 

8. The time of appearance of various structures of the knee joint is as 
follows : joint space, eighth week, complete at the twelfth week ; meniscuses, ninth 
to tenth week; capsule, ninth to tenth week; cruciate ligaments, ninth to tenth 
'veek; cartilaginous patella, tenth week; coronar}' ligaments, twelfth to thirteenth 
'veek; synovial membrane, eighteenth to twentieth week; infrapatellar fat pad. 
nineteenth week; synovial villi, twenty-ninth to thirtieth week. 

9. -A.fter birth the inner two thirds of the meniscuses becomes increasingly 
avascular, and at about years of age the synovial membrane has completely 
disappeared from these weight-bearing areas of the meniscuses. 

10. During childhood the meniscuses contain no cartilage matrix. 

11. Few definite evidences of phylogenetic phenomena are noted in serial 
sections of the knee joints. 

12. The term “meniscuses” is to be preferred to “semilunar cartilages” when 
referring to the intra-articular disks of the knee joint. 

ADDENDA 

The data and criteria for determination of fetal age were based on foot length and crown- 
rump length as well as crown-heel length of the fetus. 

Guidance, criticism and advice in this work were given by Dr. Frank R. Ober, John Ball 
.^'^ckminster Brown professor of orthopedic surgery' at Harvard Aledical School; Dr. 
dham T, Green, assistant professor of orthopedic surgery; Dr. Sidney Farber, assistant 
Proiessor of pathologj-, and Dr. Granville A. Bennett, assistant professor of pathology, 
ermission to use the embryologic collection of Harvard Medical School was given by Dr. 
kewis Bremer, Hersey professor of anatomy. Miss Mary' McNally prepared serial sections 
specimens; Mr. Charles Miller made the photomicrographs, and Miss Helen Purtle, of the 
epartment of pathology of the Children’s Hospital, aided in tire revision of the manuscript. 

ISl Taughan Street. 



FRACTURE OF THE NECK OF TFIE ASTRAGALUS 
MAJOR FRANCIS M. McKEEVER 

MEDICAL CORPS, ARMY OF THE UNITED STATES 


In the past quarter century, spanning the years 1919 to 1943, fracture of the 
neck of the astragalus has received but scant attention. The few reported end 
results have been discouraging. A search of the literature over this period reveals 
not more than sevent 3 '-five papers dealing with this injury. These contributions, 
for the most part, are in the foreign literature. 

Most of these reports record isolated instances of fracture of the astragalar 


neck because of its rarity. The commonly employed therapy has been total or 
partial astragalectomy. This form of treatment in the case of an adult is an admis- 
sion of inadequacy surpassed only by amputation. 

In the English literature of these same years there have been twenty-one 
treatises on fracture involving the neck of the astragalus. Seventeen reports have 
been from the United States ; four have been from Great Britain. Again, the 
majority of these papers have value only as tabulations of individual cases, and 
astragalectomy, total or partial, has been the usual treatment. Only nine works 


in the English language deserve special consideration. 

Sneed ^ reported the case of a patient with total dislocation of the astragalus 
who refused to submit to astragalectomy. Reduction was accomplished only after 
complete excision and replacement of the astragalus. The articular cartilage was 
not eraded from either the tibia! or the calcaneal surface of the bone. It is stated 
that four years after this injury the patient had a satisfactory functional resit t 
and a painless foot, although dorsiflexion and plantar flexion of the ankle joint 
were moderately limited and motion in the subastragalar joint was maikec y 


restricted. 

Sneed also carried out a series of injections on amputated legs and fioin tiese 
experiments inferred that the astragalus is supplied with blood not by one main 
nutrient artery but by several small arteries. He concluded that ei'eii t 
the v^ascular supply of the astragalus is interrupted, replacement of the bone o er 
hope of good function. It is interesting that his one photograph 
lilood vessels in the astragalus by injection shows them to be present on y m 


neck and to originate on the superior surface. 

Graham and Faulkner - reviewed the case records of 10 patients who 
late and who were treated by total astragalectomy. Although the}^ gran ec^ 
severe disability resulting from astragalectomy, they held this procecine 
the one of choice for patients coming under obseri'ation late or for patieii s co 
under observation early with severe comminution of the astragalar jo } ■ 
patients seen reasonably earl}^ without severe comminution of the astraga u. . 
advocated open replacement as offering less disablement in the future. ^ 
Phemister ^ at a meeting of the American Orthopedic ),as 

presented an experimental study, "Transplantation of the Astraga us, 

1. Sneed, W. L. ; Astragalus: Case of Dislocation, Excision, and 
Attempt to Demonstrate Circulation in This Bone, J. Bone & Joint Stirg. 

19^5 I c ■ Ti-n Cas*^* 

" 2. Graham, W. T., and Faulkner, D. M. : Fractures of tlic Astraga u. . 

Treated by Astragalectomy, Ann. Surg. 89:435-438 (March) I9_9. . , 

3. Phemister, D. P. ; Transplantation of the .Astragalus, to be pu ) s 
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a direct bearing on the problem of treatment of fracture of the neck of the 
astragalus. He showed in animals that the enucleated astragalus when replaced 
constantly underwent aseptic necrosis. However, when the articular cartilage was 
removed from the hone, rcva.scularization was tremendously accelerated. He 
concluded that the articular cartilage acted as a barrier to the ingrowth of new 
blood vessels. 

In 1940 Phemister ^ reported 2 cases of aseptic necrosis of the astragalus after 
fracture, in 1 of which there was no displacement of the fragments, and called 
attention to the effect of degeneration of the underlying hone on the articular 
cartilage of the astragalus. In this article he presented e.vcellent pathologic studies. 

Gibson and Inkster ^ contributed an excellent consideration of the niechano- 
genesis of this fracture. They attributed some vascular supply to small arteries 
entering the astragalus through the attachments of the deltoid ligaments. Certain 
criteria for treatment were outlined. In their opinion a complete posterior dislo- 
cation of the bodv through a buttonhole between the flexor tendons completely 
severed the body of the astragalus from its vascular connections. They felt that 
in this circumstance simple replacement leads to necrosis of the body and advised 
panastragalar arthrodesis. A perusal of the roentgenograms reproduced in their 
paper reveals aseptic necrosis of the astragalus even in their patients who did not 
have such severe dislocation. They condemned partial astragalectomy as pro- 
dvicing a heel walker. 

Conwell and Alldredge ® reported on a patient who suffered a compound 
tracture-dislocatiou of the astragalus. The fragments were replaced without 
crading the cartilage. The result after eleven months is shown. Although severe 
deformation and considerable sclerosis of the astragalus resulted, the authors 
maintained that this procedure is superior to astragalectomy and subscribed to 
the statement of Sneed that revascularization of the bone may occur. 

iMiller and Baker" in reporting a series of cases of fracture of the astragalus 
advised against astragalectomy and recommended that triple arthrodesis be per- 
formed early if accurate reduction is impossible. Xineteen of his patients were 
tol'iowed long enough to be considered as showing end results. Of these 19 patients. 
15, or 79 per cent, had pain, deformity or limp, or all three, and 1 had an elective 
amputation. They quoted Sneed’s work of 1925 in stating that the astragalus has 
no main nutrient artery. 

Boyd and Knight ® called attention to the poor results obtained in treating 
fractures of this type and advised open reduction if there is any displacement and 
stated that severe displacenient may require subastragalar fusion. They con- 
demned astragalectomy. 

Schrock, Johnson and Waters Jr.® called attention to the constancy of sclerosis 
ot the body of the astragalus and of traumatic arthritis of the tibiocalcaneal joint. 
Later, however, they attributed this to crushing trauma of the dome of the 


•f. Phemister, D. B.: Changes in Bones and Joints Resulting from Interruption of Cir- 
culnuon. Arch. Surg. 41:436-472 (Aug.) 1940. 

X Gibson. A., and Inkster, R. G- ; Fractures of the Xeck of the .Astragalus, Canad. 
A. J. 31:357-362 (Oct.) 1934. 

n- 1 ^' Lynweil, H. E., and .Alldredge, R. H. ; Complete Compound Comminuted Fracture- 
'slocation oi .Astragalus, Surgery 1:222-227 (Feb.) 1937. 

^bllcr, O. L., ,md Baker, L. D.: Fractures of the .Astrasalus, South, if. T 32-125- 
loG (Feb.) 1939, “ ■’ 

- Kniglit, R. F.: Fractures of the .Astragalus. South. M. T. 35:160- 

10 / (i-eb.) 1942. 


>... St:hrock, R. D.; Johnson, H. F., and Waters C. H 
•»5Uv.ition,s of the Astragalus (Talusl. J. Bone & Joint Surg. 


Jr.: Fracture and Fracture- 
24:560-569 (July) 1942. 
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astragalus with infractions of the articular cartilage rather than to disturbance of 
circulation. They advised against astragalectoiny and proposed a tibial-astragalar- 
calcaneal arthrodesis, using, if necessary, fragments of a comminuted astragalus. 
They reported 6 cases of fracture of the neck of the astragalus. 

Modern textbooks of orthopedic surgery and of the treatment of fractures also 
offer a variety of opinions concerning the treatment of fracture of the type under 
discussion. 

Bdhler presented fracture of the neck of the astragalus as a simple mechanical 
problem, stating that as a rule it is reduced b}^ traction but that occasionally it 
requires open reduction, which results in good function after eight weeks’ immobili- 
zation. He advised against astragalectomy but gave no consideration to any 
vascular disturbance and disregarded the physiology of repair. 

Speed recommended simple immobilization in cases in which there is no dis- 
placement or in which reduction can be effected. For cases in which reduction is 
impossible he advised removal of the displaced fragment (partial astragalectomy). 
He stated that most of the fractures of this type eventually come to astragalectomy 
and stressed the frequency of infection after open reduction. 

Magnuson stated that in cases of fracture of the neck of the astragalus with 
displacement there is always some permanent disability. He said, “Because of 
complete loss of blood supply the fracture does not heal kindly and consequently 
the fragment may form a foreign body in the joint.” For fracture with displace- 
ment he advocated arthrodesis of the ankle joint. 

Destot stressed the mechanical difficulties of both accurate open and closed 
reduction and emphasized the importance of accurate replacement. He advised 
against partial astragalectomy and held that total astragalectomy should be reserved 
for those cases in which the body of the astragalus is damaged or those in which 
open reduction is impossible. Closed reduction is only occasionally successful, he 
stated. No illustrations of the blood supply are offered, but Ollier is quoted as 
saying that the astragalus is a poorly nourished bone and that the lack of nouns i- 
ment accounts for the frequent localization of tuberculosis in this region. 

Wilson called attention to the fact that the nutrition of the astragalai bo y 
is cut off if there is displacement. On the basis of results in 5 patients, 4 of w lom 
were treated by total astragalectomy and 1 of whom was treated by replacemen , 
he had become a protagonist of astragalectomy and advised against replacemen . 
Fifty per cent of the patients subjected to astragalectomy were reported as laving 
a good result, and in the 1 patient in whom replacement was carried out t le en 
result was a failure. , . , 

Scudder^® in a brief paragraph dismissed fracture of the astragalus wi i 
statement that after two to three months of immobilization of the foot t e 
may walk without support but may have some pain for four to six weecs 
the injury. The illustrations in the eleventh edition of his work are ta en 
Cabot and Binney and clearly show circulatory changes in the ro y 


astragalus. 

10. Bohler, L. : Treatment of Fractures, ed. 4, translated from the fourth Germ 
by E. W. H. Groves, Baltimore, William Wood & Company, 1941. 

11. Speed, K. : Fractures and Dislocations, Philadelphia, Lea & 1939 , 

12. Magnuson, P. B.: Fractures, ed. 3, Philadelphia, J. B. Lippincott 

13. Destot, E. ; Traumatismes du pied et rayone X, ed. 2, Paris, Masson ' ^ Lippin- 

14. Wilson, P. D. ; Management of Fractures and Dislocations, Philade p la, 

cott Company, 1938. , , , u- W B Saunders 

15. Scudder, C. L.: The Treatment of Fractures, ed. 11, Philadelphia, 

Company, 1938. 
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Key and Conwell held that astragalcctoniy is indicated only in the presence 
of sepsis. For severe displacement they advised panastragalar arthrodesis to 
prevent aseptic necrosis of the pro-vimal fragment. Their illustrations clearly 
demonstrate the lack of demineralization posterior to the fracture line. 

Watson-Jones offered sketches of the blood supply of the astragalus showing 
vessels entering all ligamentous attachments in great adequacy and called attention 
to the seriousness of avascular necrosis as a disabling factor. He stated, however, 
that the blood supply of the astragalus is sufficient to prevent avascular necrosis 



P'g- 1. — A,^ astragalus with the superior astragaloscaphoid ligament attached to its neck 
and a pointer in its arten-. B, astragalus with the superior astragaloscaphoid ligament reflected 
orward and arrows pointing to vessels going into the portion of the neck not covered by 
artilage between the body and the head. C, astragalus, scaphoid and attached superior astra- 
I'Sanient. The scaphoid is lifted up, with the head of the astragalus facing, 
csscls in the superior astragaloscaphoid ligament are going into the neck near the body. 


16. Key J, A., and Conwell, H. E.; Fractures, Dislocations, and Sprains, ed. 3. St Louis, 
• v. Mosby Company, 1942. 

3; Fractures and Other Bone and Joint Injuries, Baltimore, Williams 

'\ilkins Company, 1940. 
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unless backward dislocation of the body occurs. This is not borne out by clinical 
experience, and it is believed he attributed too ample a circulation to the astragalus. 

The purpose of the present paper is to present (I) the intrinsic circulation of 
the astragalus as revealed by injection, (2) the end results in 17 patients Avho 
suffered fracture of the neck of the astragalus and (3) some principles of treatment 
based on a stud}' of the circulation of blood in the bone and of the clinical course 
of fracture of the astragalar neck. 

INTRINSIC CIRCULATION OF THE ASTRAGALUS AS REVEALED BY INJECTION 

To demonstrate the arterial ramifications in the astragalus, freshly amputated 
feet were used. The vascular system of each amputated specimen was first washed 



Fig. 2. — Roentgenograms: A, foot with the soft tissues intact, aftei meta 
been injected into the vascular system. A branch of the anterior network 

astragalar neck. The posterior tibial artery passes by the astragalus. , ‘ gn,aininp 

even in the soft tissues in the region of the astragalus is sparse compared ui i ijVaineiits 
vascular bed. B, anteroposterior view of the astragalus and the scaphoi to 

attached. The vessels in the superior astragaloscaphoid ligament with leir vascu- 

the neck stand out plainly. C, lateral view of the same specimen. Ao e > 
larity posterior to the neck. 

by perfusing with tap water for six to eight hours. The arterial trunks. 
tibial artery and the posterior tibial artery were then injected others 

medium under pressure. In some instances metallic mercury was ^ jjic 
a suspension of yellow oxide of lead (lead mono.xide A. F.) in ^'^•ere made, 
substance injected. 'I'lic venous side was ligated before the injection. 
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After the injections liacl been made, roentgenograms were obtained of (I) tlie 
entire foot. (2) tlie astragalus and the scaphoid with all attached ligaments but 
without other soft tissue and (3) the isolated astragalus, scraped clean of all 
ligaments. 

Seven feet were used. They were all free of arterial disease and had been 
amputated for morbid conditions higher in the e.Ktremity or distal to the ankle, 
such as osteogenic sarcoma of the femur, intractable sepsis at the knee and complete 
traumatic amputation. In 4 of tiie specimens after the astragalus had been cleanly 
denuded of all ligaments the isolated bone failed to show evidence of the injected 



Fig. 3. — Roentgenograms : A, anteroposterior -view of the astragalus scraped clean of all 
nganients. The injected material in the bone is largely in the neck region. The body shows 
^ evidence of blood vessels in the interior. B; posterior-anterior view of the same specimen, 
tj, lateral view of the same specimen. Xote the absence of injected material in the posterior 
t nrd and the preponderance of vessels in the neck. 


material within its substance despite the fact that the arterial tree of the overlving 
tissues was completely outlined. This suggests that the arteries entering the 
astragalus are of small caliber. 

The injected arteries suggest that the entire vascular supply of the astragalus 
‘‘drived from branches of the anterior tibial artery. There is evidence also that 
l'*^ which eventually breaks up into several nutrient arteries, is carried in 

f (Use astragaloscaphoid ligament fB X A. ligamentum talonaviculare dorsale) 
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which extends as a hroad hand from the dorsal surface of tlie neck of the astragalus 
to the dorsal periphery of the scaphoid. In this ligament the artery divides into 
several (two to four) smaller arteries which perforate the superomedial aspect 
of the neck of the astragalus, where foramens are clearly present. 

No evidence of arteries perforating from cither the posterior or the anterior 
calcaneoastragalar ligament or from the internal calcaneoastragalar ligaments in 
the subastragalar joint was apparent. In no instance was it possible to demon- 
strate arteries throughout the body of the astragalus. 



Fig. 4. — Roentgenograms ; A, foot of a 4 month old infant in which the vessc s 
injected with lead monoxide in olive oil. The posterior tibial artery ° ^ -j-lie 

to the astragalus. All vessels going to this area come from the dorsum o scaphoid 

foot was amputated for fibrosarcoma. B, astragalus, scaphoid and all Iigamcn . nucleus 

does not show because of the lack of an ossification center at this age, an _ i;„amcnt. 
of the astragalus is clear. Note the vessels in the superior astragaloscap loi 

SURVEY OF PATIENTS AND THEIR TREATMENT 

Seventeen patients who suffered a fracture of the neck of tlie 
examined clinically and studied by roentgenograms to determine ic 
of various treatments and the relation of the original displacemen o 
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fragments to the outcome. The shortest period that elapsed after the injur}- in any 
case was one and one-half years and the longest was eleven years. 

Of these 17 patients, all l)ut 3 r82 per cent) were under 40 years of age. in the 
active, vigorous period of life. Three were children. In 5 patients the fracture 
was subjected to open reduction. In all of these the body of the astragalus 
was completely removed and replaced in its entirety, with all articular cartilage 
intact. Six patients were treated by dosed manipulation and immobilization 
of the extremity. Simple immobilization of the foot and leg in plaster was 
all that was necessarv for 5 patients, due to the fact that there was no displacement 
of .the fragments. Astragalectomy was done on 1 patient. 

RESULTS 

Only 4 of the 17 patients (23 per cent) were free of pain, had no restriction 
of motion in the ankle or the subastragalar joint and could carr}- on normal 
actirity. These 4 were all patients who had sustained incomplete fracture of the 



Pig. 5. — Koentgenograms : A, lateral \-iew ot an astragalus scraped clean of all ligaments. The 
ossification center stands out clearly; the cartilaginous portion is hazj-. Injected material is 
Seen in and about the periphery of the ossification center. None is evident in the cartilaginous 
portion. The majority of the vessels are in the neck region. B, anteroposterior view of the 
same specimen showing injected material in the bony nucleus, which is largely in the neck. 


neck of the astragalus with no displacement. Their roentgenograms showed only 
n serrated line across the neck. None of these patients exhibited evidence of 
aseptic necrosis of the body of the astragalus at any time during the course of 
healing. All tliat was necessarv- in their treatment was immobilization. Case 14 
ilh:strates their tvpe of case. 

Case 14. (Incomplete Fracture of Neck of Astragalus). — A. J., a nurse 20 years of age, 
from a horse, catching her foot in a stirrup, and was dragged 30 feet (9 meters) 
O'l Oct. 3, 1931. Roentgen examination revealed incomplete fracture of the neck of the left 
as ragalus. The left leg and foot were immobilized in a cast for ten weeks, and the patient 
for another six weeks. She returned to work in Februarv- 1932 and had no 
rouble thereafter. In February 1939, eight years after injury, motion in the ankle joint and 
joint was normal. Roentgenograms showed a normal astragalus and normal 
- e and subastragalar joints. She stated that she suffered no pain, did her regular work, 
i'lnyed tennis and danced. 
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One patient who sult'ered incomplete fracture of the neck of the astragalus had 
a painful foot, with moderate restriction of motion in the ankle and subastragalar 
joints, one and one-half 3 'ears after injury. Roentgenograms showed evidence of 
aseptic necrosis of the body of the astragalus and thinning of the cartilage space 
of both the ankle and the subastragalar joint despite the fact that the original injury 
produced no separation of the fragments (case 13). 

Case 13 (Incomplete Fracture of Neck of Astragalus, ivith Development of Aseptic 
Necrosis). — F. L., an accountant 57 years of age, slipped and fell backward as he stepped 
up a high curbing on Feb. 9, 1938. Roentgenograms revealed incomplete fracture of the 
neck of the left astragalus without displacement. The foot and leg were immobilized in a 
cast for twelve weeks, and weight bearing was prohibited for seven weeks. In January 
1940, two years after the injury, dorsiflexion of the ankle was restricted to 90/95 degrees 
and plantar flexion to 115/120 degrees. In the subastragalar joint inversion was restricted 
to 10/25 degrees and eversion to 5/10 degrees. Roentgenograms at this time showed aseptic 
necrosis of the body of the left astragalus and thinning of the cartilage space of both the 



Fig. 6 (case 14). — Roentgenograms; A, incomplete fracture of the neck o 
without displacement Oct. 3, 1931. B, foot in a cast Oct. 6, 1931. C and J-j, a 
of the left (injured) and the right (uninjured) foot eight years after fracture (jan. 

There is no deformation or sclerosis of the astragalus. 

ankle and the subastragalar joint. The patient complained of pain in the left foo 
walking six blocks. _ 

Six patients sustained fracture of the neck of the astragalus 
or moderate dorsal displacement of the neck fragment on the t 
reduction b}' manipulation followed by immobilization in plaster seemec 
All of these patients, despite the accuracy of the reduction 0 rtaincc 
aseptic necrosis in the pro.ximal or bod)" fragment during the course jj, 

All in the end had painful foot and ankle and showed markc patients 

the ankle joint and the subastragalar joint. Roentgen studies o 
revealed sclerosis of the body of the astragalus and thinning o ^ ‘ 
of both the ankle and the subastragalar joint. One patient, a P, rough tlie 
deformation of the dome of the astragalus after this hone ha( 
complete cycle of avascular necro.sis and revascularization (case /)■ 
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Case 7 {fmctiir,' of Xcoh of Aslragalus Treated by Closed Reduction and Immobilica- 
fion). — D. C., a child 0 years of age, jumped from the roof of a garage, alighting with the 
lest foot turned in. July 6, 1950. On July 7, with the patient under anesthesia induced 
with ether, closed reduction was accomplished. The foot and leg were immobilized in a 
plaster cast for five months. Weight hearing was prohibited for fourteen months. Roent- 
genograms taken Xovember Ls. five months after the injury, showed aseptic necrosis of the 
body of the a.stragahis. On Jan. u, 1939. two and one-half years after the injury, dorsi- 
flexion of the left ankle was restricted to 70/90 degrees; plantar flexion, to 110/133 degrees. 
In the subastragalar joint inversion was restricted to 5/35 degrees and eversion to 0/15 
degrees. Roentgenograms made in January 1939 showed complete revascularization of the 
aslragalus, marked deformation of the astragalar body and marked thinning of the cartilage 
space of both the ankle and the subastragalar joint. The child had a marked limp and com- 
plained of severe pain. 

It has been stated that accurate reduction insures good recovery. In 9 of the 
12 patients in this group who exhiijited aseptic necrosis of the astragalar body 



. Fig- 7 (case 13). — Roentgenograms : A, incomplete fracture of the neck of the astragalus 
Without displacement Feb. 9, 1938. B, fracture line partially obliterated four months after 
>nju^- (June 25, 1938). The bodj- of the astragalus is dense; the remaining tarsal bones are 
demineralized. C, lateral views of the left (injured) and tlie right (uninjured) foot one year 
sf ter injury (Jan. 21, 1940). The fracture line is sclerotic. There is some evidence of re\'as- 
cularization in tlie body adjacent to the fracture line. The ankle joint space and the sub- 
astragalar joint space are not severely altered. 


tcagmeut perfect reduction was obtained and maintained. In 2 the position of 
the fragments was good, and in 1 patient the position was poor. This seems to 
piove that the accuracy of the reduction has little or no influence in preventing 
aseptic necrosis of the body. Of course, for a good functional result accurate 
^eduction is a requisite of any intra-articular fracture. 

1‘h‘e patients required open reduction. All these patients had displacement of 
' ’d body of the astragalus through the posterior part of the capsule. This made 
necess.arv- complete removal of the po.nerior or body fragment. In all 5 patients 
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smaion of motion m the aiikle and the suhastragalar joint. The roentgenograms 



Fig. S (case 7). A, fracture of the neck with displacement July 21, 1936. B, 
anatomic i eduction in cast July 27. C, foot eight weeks after injury (August 27). TI’C w'-' 
of the astragalus is dense; the remaining bones of the tarsus arc demineralized. D, ioot fou 
nionths after injury (November 5), E, foot ten months after injury (May 1, 1937). 

IS deiormation of the astragalus as well as narrowing of the ankle joint space. , , . , 

e\ idence of j'cvascularization. anteroposterior view showing narrowing of the ankle joi 
May 1, 1937. G, foot eighteen months after injury' (Dec. 1, 1937); further ' / 

is seen. H, body deformed but with revascularization almost complete May 39, ^ \ i(,- 

foot two years and six months after injurv (Jan. 6, 1939). Revascularization is A 

tlie astragalus is deformed; the ankle and' the subastragalar joint are narrowed. /' 
uninjured foot of the same date for comparison. K, tracing with tiic left astraga ti5 ; 
superimposed on the right, .'^hewing the deformation of the hone during the rer.i'cu.in 
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of all revealed dense sclerosis of the body of the astragalus, marked thinning of 
the cartilage space of both the ankle and the subastragalar joint. Some had 
osteophytes on the margins of the ankle joint. Without e.xception. these patients 
were totally disabled for any activity requiring standing or walking. Case 1 is a 
case in point. 

Case 1 (Eraclurc of Xock of Asfraijolus; Open Reduction, Complete Removal and 
Replacement of Body rcillt Articular Carlilofie Intact). — R. J.. a roofer 17 years of age. 



I'ig. 9 (case 1). — Roentgenograms: A, fracture of tlie neck of the astragalus with pos- 
terior displacement of the body July 16. 1932. B. bones after open reduction and immobili- 
zation in plaster July 22. C, bones two months after injury (September 23). A good 
Posuion is noted. The body is dense and not demineralized. D. bones four months after 
uijury (Xovember 30). The body of the astragalus is denser than the surrounding tarsal 
bones. Tile fracture line is indistinct. E, bones eight months after injury (.-Vpril 1. 1933). 
'iffc is definite devitalization of the body. F, bones seventeen months after injure- (Feb. 2. 
^■1)- The fracture line is not visible. There is no deformation of the astragalus. The 
ankle space and the subastragalar joint space are slightly narrowed. There is no evidence 
o ccvascularization of the astragalar bodv. 


Tipped from a ladder, falling 10 feet (3 metersf to concrete on July 16, 1932. Roentcc.-io- 
^nam.> showed fracture of the neck of the right astragalus with marked posterior displ.acemeut o: 
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the body. Closed reduction was attempted unsuccessfully on the day of injury. On July 22 
open reduction was done. It was necessary to remove the body fragment from the ankle. 
The fragment was replaced with all cartilaginous surfaces intact. Convalescence was unevent- 
ful. Weight bearing was permitted six months after the injury. On Jan. 2, 1934, eighteen 
months after the injury, there was thickening about the ankle, Dorsiflexion of the ankle 
was restricted to 80/90 degrees. Plantar flexion of the ankle was restricted to 120/130 degrees; 
inversion of the subastragalar joint was restricted to 20/30 degrees ; eversion of the subastragalar 
joint was restricted to 5/10 degrees. Roentgenograms showed dense sclerosis of the body of 
the astragalus and thinning of the cartilage space of both the ankle and the subastragalar 
joint. The patient complained of pain. 


One patient was treated by total astragalectom}'. Two 3^ears after the operation 
he was severely crippled and had fixed equinus deformity of the foot in spite 
of the fact that roentgenograms showed good posterior displacement of the foot 
in the ankle mortise. 


COMMENT 


The close parallel between fracture of the neck of the astragalus and fracture 
of the neck of the femur is evident. In both injuries the circulation to the 
proximal fragment ma}i- be and often is interrupted. Not even roentgen evidence 
that a fracture of the neck of the astragalus is incomplete or that the fragments 
are impacted gives absolute assurance of the integrity of the circulation. Aseptic 
necrosis of the proximal fragment will, as in the hip, occasionally result even 
under these conditions. With complete fracture aseptic necrosis of the body of 
the astragalus is the rule even though perfect anatomic reduction can be obtained 
and maintained by closed manipulative methods. If complete removal and com- 
plete replacement of the body are necessary because of marked displacement of the 
latter, death of the replaced fragment is inevitable. 

The astragalus is almost completely covered by articular cartilage. On tlie 
normalcy of this cartilage depends the normal function of the ankle joint as wel 
as that of the subastragalar joint. Articular cartilage degenerates when the bone 
underlying it undergoes aseptic necrosis. Thus, as a result of fracture of t le 
neck of the astragalus, severe traumatic arthritis may develop in both the ank e 
and the subastragalar joint which will be relieved only by panastragalar arthrodesis. 
Panastragalar arthrodesis is useful but far from ideal. After a few )'^ears of 
the overstrained mediotarsal joints generally become the site of painful, disabmg 
traumatic arthritis. 


Clinical experience has proved that bony ankylosis of the subastragalai join 
by itself is not disabling. For years the operation of triple arthrodesis has ^ee^ 
carried out on feet, the articular cartilage being eraded from the subastraga a 
joint, the astragaloscaphoid joint and the calcaneocuboid joint. No loss o 
in the ankle results from this type of operation. If restriction of 
desired, some modification of the operation, such as posterior bone b oc ’ 
operation of countersinking described by Brewster or the angular resection , 

Lambrinudi, must be done. As a result of the use of triple arthrodesis ^g. 
aseptic necrosis of the body of the astragalus is extremely rare and ultimate i 
of the cartilage space of the ankle does not result. _ , 

In triple arthrodesis of the foot all the conditions which are present in 
fracture of the neck of the astragalus are present. In addition, however, 
complete ablation of the articular cartilage facing of the astragals 
the calcaneus, so that spongy bone approximates spongy bone. Thus i 
barrier to the ingrowth of new blood vessels is removed. 

It is felt that the grave disability which results from severe in 

neck of the astragalus warrants application of a principle which has i 
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surgical treatment of the foot for many years. It is probable tliat earlv sub- 
astragalar arthrodesis, by allowing more rapid revascularization of the body of the 
astragalus, would salvage many ankde joints, prevent many severe disabilities and 
do away with the necessity for late panastragalar fusions. 

SU.MM.\RV AND COXCLL'STON'S 

The literature on fracture of the neck of the astragalus reveals wide divergence 
ot opinions concerning the intrinsic circulation in this bone, tiie best method of 
treatment for this fracture and tlie ultimate prognosis for the injurv’. 

Studies of the vascular system by injection are presented, which seem to indicate 
that the vital blood supply to tlie astragalus enters the neck through the superior 
astragaloscaphoid ligament. 

The end results in 17 cases of fracture of the neck of the astragalus are 
presented. Attention is called to the high incidence of aseptic necrosis of the body, 
which leads to degenerative arthritis in both the subastragalar joint and the ankle 
joint and the severe disabilit}' which this produces. 

Complete removal and replacement of the body with all articular surfaces intact 
are condemned. 

Attention is called to the fact that in a high percentage of cases of incomplete 
tracture of the neck of the astragalus the joints will recover without disability.' if 
protected. Occasionally, however, aseptic necrosis of the astragalar body may 
result even under these circumstances. 

Perfect anatomic reduction and maintenance of perfect position, even when 
accomplished by simple manipulation, will usually be followed by aseptic necrosis 
of the body of the astragalus and severe disability in the ankle joint and the sub- 
astragalar joint. 

It is suggested that the early erasion of tlie articular cartilage in the sub- 
astragalar joint may, by* remoi*ing the cartilaginous barrier to the ingroin-th of blood 
■'ossels, shorten the period for revascularization of the body and prevent extensive 
degeneration of the articular cartilage in the ankle joint. 



SKELETAL TRACTION AS A METHOD OF TREATMENT 
FOR CERTAIN FOOT DEFORMITIES 


ROBERT H. MORRIS, M.D. 

BOSTON 


The deformed feet Mdiich liave been treated with skeletal traction include 52 
recurrent club feet, 3 acquired club feet and 6 cavus feet. All the patients were 
children between the ages of 2 and 12 years and the deformed feet had been pre- 
viously treated by various methods, with poor or inadequate end results. 

In this particular age group the growth factor is important. Tissue change is 
rapid, and therefore any factors which tend to increase or to retard growth or 
to change in any way the normal direction of growth will produce a deformity. 

Congenital deformities of the foot generally present a series of partial disloca- 
tions of the tarsal and midtarsal bones together with contractures of tendons and 
of interosseous ligaments. If these deforming factors are allowed to persist, the 
deformity will increase steadily with growth. The same is true of acquired 
deformities. 


Taking into consideration the factor of growth, one may conclude that any 
method designed to correct these deformities should offer the least possible trauma 
to the involved tissues during the process of correction. The method should also 
insure that the correction be relativel)^ quick and complete. Too vigorous attempts 
at correction may do irreparable damage to the cartilage surfaces and growti 
centers of the bones of the foot, and the soft tissues may be so badly torn t 
ruptured tendons and the resulting scar tissue may be secondary causes of defoimi y. 

Skeletal traction as a means of correcting deformities of the feet offers a method 
which is relatively atraumatic and quick. The bones of the foot can be rea met 
and the soft tissues so stretched and softened that overcorrection can be obtamec 
with only the slightest possible pressure. The time required to achieve this \aiic. 
from three to four weeks. 

The successful application of skeletal ti'action to a foot depends on having 
fixed points from which to apply the necessary^ push and pull 
of the deformity^. These fixed points are obtained by inserting Kirscii^i 
through the tibia, the os calcis and the necks of the metatarsal bones. 
through the tibia should be at a convenient distance from the os ca ^is so 
allow room for the distracting rods. It is usually'’ inserted at the junc ion 
upper and middle thirds of the tibia. There should be as much bone as ^ 
of the wire in the os calcis, and the wire is therefore inserted close to le 
superior surface. The wire through the metatarsal bones shou engag 
bones, particular^ the first and the fifth. These three fixed points are 


together with distracting rods or turn buckles. . 

When the apparatus is correctly fitted to the foot, of tlie 

traction in the direction of the long axis of the foot and m ie y of 

long axis of the tibia (fig. 1). In this manner the contractcc so - ,^pparaUis 
the foot and the contracted heel cord are so stretched that v ic i 
is removed no force is required to put the tarsal bones m 0 ai 
position. No distraction or tension should be applied .t ' patient 

application of the apparatus. If this principle is not font. At 

quite uncomfortable and there is likely to be considerable c( enu 


736 



MOKRIS—SKELHT.IL TRACTIOX I'OR ROOT DEI-ORMITV 


/o/ 


the end of three days, when the patient has become accustomed to tlie apparatus, 
distraction is begun. This must be carried on gradually and not Ijcyond the point 
of discomfort. Tlie rod joining the wire through tlie metatarsal heads and the 
wire through the tibia is used as a stabilizer for the apparatus and not for traction 
or distraction except in the case of a congenital calcancovalgus deformity. It is 
then used to push the forefoht into a slight cquinus position. If traction is used 
to dorsiflex the forefoot, it is easy to partially dislocate the forefoot at midtarsus 
and produce a rocker foot (fig. 6B). TJircc or four weeks arc required to get 
complete stretching. The apparatus is then removed and the foot put in an over- 
corrected position in a plaster cast and kept in this position from four to si.x 
months. Figure 2 shows a typical recurrent congenital equinovarus deformity 
before and after stretching by skeletal traction. 



Fig. 1. — Apparatus for skeletal traction: A, Ai and A~ indicate threaded distracting rods; 
p Bi and B-. horseshoes holding the Kirschner wires; C, Ci and C-, wing nuts for obtaining 
distraction or adjustment of the apparatus; ZJ.and f?,. screw nuts for controlling the distracting 
dt the forefoot ; E, Ei. and E~, suspension cords controlling the entire leg while the patient is 
in bed. 


The immediate results of the use of this method of treatment show that over- 
correction of the deformity was obtained in all cases but 1. The failure in that 
mstance was due to the fact that so much damage had been done to the bones 
ot the foot during previous treatment it was impossible to change the fixed 
n menient. The end results as seen during the foIJow-up period ivere not as satis- 
•actory as the immediate results. 

Over a period of seven years it was found that 65 per cent of the recurrent 
congenital equinovarus feet, 50 per cent of the acquired equinovarus feet and 
'O per cent of the cavus feet were completely relieved of the deformitv. 

Failure to maintain permanent correction of the deformit}' in the group of con- 
genital equino\'arus feet was due mainly to the fact that previous treatment had 
oainaged the tarsal bones that it was impossible to keep them in alinement as 
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Fig. 2. — A, cavus foot in an equinus position with inversion of the o astragalus aii<l 

o£ the forefoot. B, roentgenogram showing the abnormal relation Dc ^ram showing 

the os calcis. The astragalus is partially dislocated forsvard. y . j^jcis and ti>'^ 
the astragalus within the ankle mortise and an improved ) 1 . {^ot in a good ovcr- 

astragalus. The foot now has the appearance of a flat toot. iJ, k 
corrected position. 
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the foot enlarged with growth. The deformity therefore slowly recurred, so that 
these patients subsequently had their feet stabilized by triple arthrodesis. In a 
small percentage of these patients the failures were due to indifferent after-care 
on the part of the parents and incomplete correction following stretching. In 
these cases restretching by skeletal traction gave complete relief from the deformity. 



. ^-—A, cavus deforinitj- of the right foot. B, roentgenogram showing the cat-us deformity 

of 111 amount of hammer toe deformity. C, roentgenogram showing a flattening 

“Ony arch of the foot with a decrease in the hammer toe deformity. D, earns deformitj’ 
” smmer toe deformitj' entirelj- corrected. 


In the group of acquired equinoj'arus feet the deformit}' was due to contracture 
secondarj' to anterior poliomyelitis, and the correction of the deformit}' was under- 
^ ‘^n purely as a temporary measure. Correction was not difficult in tliis group, 
^nd the feet were held in neutral or overcorrected position until such time a? 
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it was possible to i)alanee tlie font b}' nuiscic transplants or stabilize it by triple 
arthrodesis. In 1 case, however, the muscle j)ower returned following correction, 
and no further intervention was necessary to maintain a well balanced foot. 

Although the initial results of .strctcliing in the cavus feet were good, the end 
results were only 50 ))er cent satisfactory. 'Phe feet in which the correction was 
maintained permanently were those with only a mild degree of deformity (fig. 3). 



Fig. 4. — A, rociitgeiiogr.'iin sliowiiig dcfoniiily of I)olli .'istrag.-ili, rocker ^ the 
feet and an c.xtronc cciuinns position of c;ielt os calcis. 'J Ins illustrates tie the 

feet after various inclliods of correction Iiad been attempted. B, .(ic cfinin"'' 

result after skeletal traction had been used. Note that each os calcis is .s i 
l>osition, tliat the rocker deformity lias been increased and that the 
foot is dislocated dorsaily. The failure to obtain correction in these feet n.is 
deformity of the tarsal bones before traction was ajijilied. 


In the cases in which the contractures were more •‘’Cverc, pcrin.u'cnit ^ ^ 


was obtained by a combination of plantar fa.sciotoniy 
conjunction with skeletal traction. 


and Sleindler stnppinff 
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The results of too vigorous treatutcnl prior to the application of skeletal 
traction were clearly clenioustrated in the grovtp of patients in which failure ulti- 
mately led to triple arthrodesis. 



Fig. 5. — A, roentgenogram showing the relation between the astragalus and the os calds 
prior to manipulation of the foot. B. roentgenogram showing dislocation of the astragalus 
out of the ankle mortise. The head of the astragalus is pointing toward the plantar surface 
ot the foot. This is the result of too forceful manipulation. 


A 



^ho\ '" ^ ’^^untgenogram showing partial dislocation of the astragali of both feet. It also 
^ 's some flattening and deformity of the superior articulating surface of each os calds. 
.^^'I'^lScnograrn showing both astragali in better relation with the ossa calces. Each astragalus 
ankle mortise. The right foot shows a mild degree of rocker deformity. This 
caused by too much traction cii the forefoot in dorsifte.-cion. 
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Figure 4 A shows the condition of a patient's feel after five and a half years 
of manipulation and surgical treatment. The child had had four manipulations 
under anesthesia induced with ether, followed iw strip])ing of the ligaments from 
the medial side of the os calcis and tlie jdantar surface of the foot. Clinical 
examination prior to stretching by skeletal traction showed rigid equinus and 
rocker foot deformities of both feet. Figure 4 B shows that skeletal traction failed 
to alter the deformity in any way, and triple arthrodesis was performed before 
the patient was able to walk with any degree of comfort. Figure 5 shows 
dislocation of the astragalus out of the ankle mortise. The head of the astragalus 
is directed toward the sole of the foot. The dislocation was the result of too 
forceful manipulation. 

In every case of recurrent congenital equinovarus deformity the astragalus 
was shown by roentgenogram to be partially dislocated forward from the ankle 
mortise and the superior articulating surface of the os calcis. In many cases 
roentgen examination showed that the superior articulating surface of the astragalus 
had been flattened, with evidence of destruction of cartilage (fig. 6). 

In some of the cases in which triple arthrodesis was subsequently required, it 
was shown at operation that the articulating surfaces of the head of the astragalus 
and the posterior articulating surface of the scaphoid were so deformed that it 
was anatomically impossible to fit them together in a stable position. This con- 
dition of the articulating surfaces cannot be demonstrated by roentgenogram, but 
it is believed to be one of the chief factors of recurrence after apparent complete 
overcorrection. 

SUMMARY 

Of the 61 deformed feet treated by skeletal traction, all but 1 have been success- 
fully corrected. 

Failure to maintain correction in 40 per cent of the feet treated ^yas due mainl}" 
to gross deformity of the tarsal bones secondary to too -sdgorous previous treatment. 

In a few cases failure to maintain correction was due to incomplete over 
correction following stretching by skeletal traction. , . . 

It is not suggested that skeletal traction in itself is a cure for deformities o 
the foot. It has, however, been shown that skeletal traction provides a means 
for overcorrecting the contractures associated with these deformities, t lere y 
making it possible to aline the articulating surfaces of the bones of the oo m 
an overcorrected position with the least amount of trauma in a relatively s lort im^ 

Maintenance of correction depends on (fl) completeness of overcOTrec i 
following stretching and (h) holding the foot in overcorrection for a su ciei 
long period. 

253 Newbury Street. 



SUBTROCHANTERIC OSTEOTOMY IN COXA VARA 


CHARLES W. PEADODY, M.D. 

HF.TPOIT 

In the relief of many tvjics of disability of the hip, rcaliiicment of the femur 
3tter this bone lias been divided at its npjxir extremity in a variety of ways has 
neen widely and increasingly practiced over more than half a century. The original 
subtrochanteric osteotomy of Gant became even more appreciated in England 
and this countr}- through the example of its utilization set by Sir Robert Jones. At 
this stage of orthopedic development the simple osteotomy was limited to the rigid 
or presumably rigid hip with wliich, after division of the bone, the desired attitudinal 
correction could be obtained simply by realining the limb with the body. 

Subsequently have come various technics for performing osteotom\' under a 
niovable hip joint, including the bifurcation operation of Lorenz,^ the wedge 
resections of Pauwels - and Schanz,' later made more exactly controllable by Riedel 
and Gaenslen ° through the use of externally held pins, and the horizontally dis- 
placing osteotomies of Hass ® and IMcMurray. .All these have in common the 
attainment of a new axial relation between the shaft and the head of the femur 
tor the relief of either structural instability or deformity. For the deformit}- of 
t’^ra the Riedel-Schanz procedure has come to be a technic of adequate 
^ suability and precision in a majority of cases. 

. However, it has been my experience that certain conditions are met in which 
ns osteotomy as so far developed fails to meet the needs quite properly. Accord- 
ingly, a further technical modification has been worked out that has been so 
^i'atifying as to seem to warrant description. The two conditions encountered 
respectively, congenital coxa vara and adolescent coxa vara of high degree. 
Congenital coxa vara, while not a frequenth- encountered condition, has been 
;n Its severe forms a rather difficult one to manage toward a satisfactory outcome, 
s'br manifestations of the lesion are well illustrated in the historv' of 3 

1 Imp. (Incidentally, this is the single instance of siblings with congenital coxa 
or'ri e.xperience.) In the first sibling the lesion was unilateral, the dystrophy 
no the epiph)'sial area was mild, and b}' the judicious use of casts and 

appliances the femoral neck was carried along to approaching 
ea M consolidation with only moderate varus deformit}% which was quite 

wa ^ by small wedge osteotomj^; in other words, the moderate coxa vara 

convertible to coxa valga, with termination of the difficulty. 

(lef sibling at the age of 8 years had acquired bilaterally a 90 degree 

°^iity, with the epiphysial plate still much disorganized and unstable. Oste- 
coOmies decreased the dHormity, but technical difficulties prevented complete 
■'■alga, and the deformity recurred. In such a case of bilateral 
onriity one may infer that surgical epiphysiodesis would have prevented recur- 
equality of the legs in length. But it is my thesis that if in this disorder 

Lorenz, A.: tVien. klin. Wchnschr. 49:41, 1919. 

Ztschr. f. orthop. Chir. 51:125, 1929; Der Schenkelhalsbnich, ein 
o Problem, Stuttgart, Ferdinand Enke, 1935, p. 6. 

4 m L Win. Chir. 83:336, 1907. 

_• wiedel, G.: Zentralbl. f. Chir. 57:84, 1930. 
g ^^^slen, F. J.: J. Bone & Joint Surg. 17:76. 1935. 

J.: Ergebn. d. Chir. u. Orthop. 21:457, 1928. 
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.t NCI urns on scnghnv 


the shcariiif^ sli’aitis of (he ])f)sition of eoxa vara can he replacerl by the axial 
stress of coxa valf^a, tlie cpipliysial plate will s])OiUaneonsly become stabilized and 
go on to normal fusion. 

Sibling 3 suffered from an e\xm greater degree of dystrophy. Though the 
condition was recognized and conservative treatment applied, complete solution 
of continuity developed in one hip. and in the other (he defonnity in the femoral 







■ ■ f 




■ •- 






r Q A Qo desircc defonntt} 

Fig. 1. — A, bilateral congenital coxa valga at the age oi b. A J disso- 

present on the left side, with a vertical epiphysial plate, and on “le part of the 

lution of continuity, with a shadow (faint) of the undeveloped head ni 

acetabulum. . . bearing of 

B, same hip as in A at the end of the period of growth with j jbe patient 

weight for a five year period and a Colonha type of in the left hip 

showed a bad gait, and future disability was certain. The deforming 
was uninfluenced by protracted abduction in a cast. 

neck progressed to an acute angle (fig. 1 ^_and B). Both functioJi- 

a pseudarthrotic type of reconstruction, with inevitably great }'■ l 
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Ph. U!()I)y—Sl ‘H rixOCIl.lXTlih'fC OSTEOTOMY 

i" <i* -lis„r,k.r have been 

i-rul In me. and most surgeons will recall such instances (fi<^ 2). 
this condhLrr troin osteotomies in cases of 

tiefonniu n- 1 V' 

while in\l 0 ^ -T?'""''’" "••'‘S unilonnlv terminated, 

some dexrrZ r obtained and shearing strains persisted, 

ot recurrence was the rule. 

of a ^''’”S<-‘nital coxa vara seemed to involve (1) use 

fiefor,o:,'”i ^’'■'-‘'■‘■'"^'"5 untoward displacement in the correction of a high degree of 
Jtorn y h_v osteotomy and (2) stabilization of the epiphysial area at an earlv 

fJ;tor Inl <^"countered. tlie latter 

drillin.^v- regarded as of primary concern, and epiphvsiodesis I,v 

osteoton,,- fn stq>. with correction of the deformitv hv 

. following later. Closure has been obtained fairly readily in the older diil- 


Fis 



-Congenital 


adolescenc coxa vara going on to complete dissolution of continuity at the period 

'o treatnif-vt ^ patient went elsewhere for reconstruction. The details of the case prior 
ace unknown, but casts were used. 

With co'*^ }’Ounger ones the operation has usuallv failed of this achievement. 

P'^°§’"®ssion of deformity. On the other hand, evidence seems to be 
^stronl illustrated cases demonstrates, that the active chondral 

"'hichi/' T-r of prenatal origin are limited to the infantile years, after 

Matter el ^ ^"'^y is residual only in the presence of shearing strains. Therefore, if the 
epi entirely eliminated or. better still, he replaced by axial stress. 

'''oiUrihnp^' ^oft to mature naturally, with as much consequent 
of length of leg as mav occur, which is of more imi)ortance in the cases 

“">!ateral deformity. 

'’elation's frequent necessity of a corrective shift of the longitudinal axial 

'"'er divis"^^'"^^*^ neck and the shaft of up to 90 degrees. it can he seen that 
'"’Sle \v’tr°'i' thigh will have to he abducted to at least a right 

'I’ehip • pelvis before movement of the femoral neck has been checked in 

I'liitosoT aliucinent secured. In any hut young infants this range 

de because of soft pan restriction mesially in the thigh unless such a 



748 


.■Ih’C/IiriiS OV SUHCIiRY 


pins by cxlciuling it throiigb the trochnnler into the ilium until the (livcrgcnt lower 
pin became j)r()])crly alinerl witli it as the correction at the site of osteotomy 
occurred. 

Now as to tlic modification of the osteotomy itself, Jt is designed, as sug- 
gested, to add no shortening or loss of substance whatever, and in consequence 
of tlie conversion of the coxa vara into a coxa valga the limb is appreciably Icngth- 



Fig. 5 . — Aj old reduced congenital dislocation with acquired coxa vara following 

the femoral neck and some difference in length of the leg: (1) preopera n 
center pivot osteotomy with conversion to coxa valga and increase m leng 

B, end result in hip shown in Note excellent clinical stability without s or 


ened and the preexistent shortening overcome. In fact, in a case o 
deformity the limb may then be slightly longer than the normal one, 
desirable, since in this disorder the capital epiphysis will mature an c os 
what prematurely anyway. 
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TECnXIC 

From the usual paper pattern of the femur, the pattern of the small wedge 
resection and protractor patterns of the angles of the Riedel pins have been made, 
duplicated in tin or aluminum and sterilized rvith the kit. A cur\'ed incision, belly 
anterior, extends from over the tip of the great troclianter to the level of junction 
of the middle and upper thirds of the shaft. With the dissection following inter- 
muscular planes, the vastus lateralis muscle is stripped from both the lateral and 
the anterior aspect, exposing the anterior intertrochanteric region from the greater 
to the lesser troclianter, and a enn ed elevator is inserted close to the latter, exposing 
this area at the base of the neck (tig. 3 A). 

The ne.xt step can be done with a sharp osteotome in the case of smaller chil- 
dren; otherwise, with a Jones hip saw; best of all, with the Cayo stab saw (motor). 
A diagonal cut in the bone is made laterally and proximally from the mesial cortex 
at an angle of 45 degrees to the shaft, ending at or a little mesial to the midpoint 
01 the intertrochanteric line. Guided by the metal protractor patterns the two 
Riedel pins are then inserted, the upper one deeply through the neck and head, 
the second below in the shaft. AA'ith motor saw or osteotome, the wedge is then 
removed laterall}-, but. unlike the Schanz osteotomy, the wedge resection has its 
ape.x at about the midpoint of the bone, almost meeting, at this point, the upper 
end of the first saw cut, Tlie result of course is a central pivot point on which 
the femoral shaft moves as the thigh is abducted and the wedge resection gap is 
closed up, with an opening up of the mesial saw cut as this realinement is secured, 
but with the shaft safe against mesial displacement from the chevron-like shape 
01 the proximal side of the osteotomy. I use a t%vo plate clamp on the order of 
a woodworker’s vise instead of the Riedel plate to secure the t%vo pins in their new 
relations. With the osteotomy stabilized under direct vision and pin control, it 
has seemed adrisable to back out the proximal pin until it engages in head and 
neck only before the clamp is applied. The removed wedge is then impacted into 
Ihe opened mesial cut and the wound closed. Plaster fixation can now be applied 
m any comfortable position, and further abduction is neither necessarv' nor m'se. 
Consolidation of the osteotom}- has been seen to occur ver>* rapidly; in a 7 year 
old child, in only four weeks (fig. 3 B). 

In dealing with acquired or adolescent coxa vara, deformity of so high a degree 
5S not often encountered ; on the other hand, as these conditions are usually unilat- 
eral, and alread}' attended by some shortening, it has seemed desirable to avoid 
the further shortening of a considerable-sized full transverse wedge resection and 
3pply the pivotal osteotomy technic here too, obtaining also its security against an 
undesired mesial displacement of the femoral shaft in the realinement. Two 
nlustrations of this are shown, one of an old slipped epiphysis and the other of an 
nld reduced dislocation followed bv an acquired coxa plana and abduction block 
4 and 5). 

SUIIM.VRY 

I have advanced the thesis that severe congenital coxa vara may be treated by 
converting it into coxa valga and have described a gratifyingly adequate technic 
^or a subtrochanteric osteotomy peculiar!}- well adapted to securing wide ranges of 
^^ahle, precise correction in this disorder and in other types of coxa vara. In 
Utywing at this technic I have seemed conscious of the teaching and the practice 
ut Robert Bailey Osgood in regard to methods of precision in the surgical cor- 
’^cction of deformities of joints, 

SOOl West Grand Boulerard. 



PAGET’S 1)1S1-:ASI-: with ASSOCfA'i’J-:!) f)STE(')GEXlC SARCOMA 

HKI'OKT or TIIUl-K CASi;< 


MACHICK .\f. I’IKK. if.D. 
ItAHTroUIi, loss. 


I propose to discuss hriclly the occurrence of ftsteoj^enic sarcoma as a com- 
plication of I’aget's disease of hone. I may .say at the I)ej,n’nnin_t^ that I have a vivid 
recollection of Dr. Marvey Cushing’s ])rescnting such a case to a grou]> of students 
during a third year medical course in surgery, the site of the sarcoma being the 
superior aspect of the skull and the ])atient an elderly woman. That case was fol- 
lowed to its termination at the IT'ter P.ent Brigham Hospital during the school 
3 ’ear, and I recall that at that time Dr. Cushing advised us that sarcoma occurred 
as a complication of Paget's disease in 7 })er cent of the cases. It is noted that 
Geschickter and Co}x;land * in their hook "Tumors of Bone" stated that this com- 
plication occurs in from 5 to 7 jjcr cent of cases of Paget’s disease. In a recently 
published volume on roentgenology, the English authors Shanks, Kerley and 
Twining - stated that sarcoma is a complication in 7 per cent of the cases. Geschickter 
noted that the sarcoma is usually of the periosteal type and may he osteoMic. carti- 
laginous or osteoblastic in nature. At the Hartford Hospital from 1937 through 
1941 there were 53 recorded cases of Paget’s disease of hone with associated sai- 
coma in 4 of them. This would give an incidence of 8 per cent. 

The 3 cases which I shall report and which occurred within a period of a year 
and a half at the Hartford Hospital show for the most part an osteolytic t 3 ’pe of 
osteogenic sarcoma. All 3 patients received rather e.xtensive treatment with roent- 
gen rays. In spite of this, metastases and extensions occurred, and death resulted 
after a vaiying period, with an extremeh' uncomfortable terminal stage, in all 
instances. 


REPORT OF CASES 

Case 1. — C. C., a S3 year old man, was referred to the hospital with symptoms 
the region of the left hip. His symptoms extended back over a period of ten mont s, 
swelling and pain in the left leg. Previously the condition had been diagnosed as ^ 

Roentgen examination revealed Paget's disease generalized throughout the 
destructive lesion in the region of the lesser trochanter of the left femur, involving the e 
the sacrum. These findings in the pelvis may be noted in figure 1 A. The patient lesion 
secondary anemia, with phosphatase activity considerably elevated. Open biopsy o glogic 
in the lesser trochanter was performed, the wound being closed without drainage. e pa ^ 
specimen may be seen in figure 2. Multinucleated giant cells may be noted, with ce s 
markedly in size and shape. The patient was given a course of treatment 
roentgen rays, with which he had considerable local reaction of the skin. cr .^^1 

relief from pain, and he gradually failed and died nine months after admission o 
or nineteen months after the onset of his symptoms. 


I-* X'' r Vnrlv Anicrics^^ 

1. Geschickter, C. F., and Copeland, M. M. : Tumors of Bone, eu 

Journal of Cancer, 1931. Diagnosis, 

2. Shanks, L. C. ; Kerler’, P., and Twining, E. W. : A Text-Boo' o 
London, H. K. Lewis & Co., Ltd., 1939, vol. 3. 
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j Roentgenograms in cases 1, 2 and 3: A (case 1), peUns in Paget’s disease. Xote 

lesser trochanter involving the left side of the sacrum. B (case 2), left 
the t Rote destruction of bone in the humerus and the scapula. Xote calcification within 
otnor mass. C (case 3), right hip. Xote marked destruction with large tumor mass. 
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ARCH ir ns on sorghrv 

^^SF 2-F. M. a man of 62 years, was a.lmittcl U. the malic.-il servire of the hospital 
as a patient with cardiac disease and was found to liave generalized Papet s ^ 

minor riass at the proximal end of the left hnmerns. He had ^o.np a.ned m pnm th 

arm for hnt one or two months hnt there h.ad been pain m the ^ ^ 

year. KoentRenoBrains revealed Papel’s disease, the appearance ^ f taken 

and calcification within the tumor mass. Figure .i shous a lou pouer pr j 
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Fig. 2 (case 1). -Biopsy tissue from left greater trochanter. Note mult.nu 

currciicc of 

section of the pathologic specimen from this Pat“="‘ ^ bone'idl’ going on in the 
Sant cells and many-shaped cells and d^lr^ST contiiSlng to decline and succum^^^^^^^^^^ ., 

This patient failed to respond to roentgen ' .months after the onsc o s) P_^^ 

months after he was first seen in the f f „„ 3 et of pain in the chest 

the left shoulder and twenty-three months after an I P 

also marked elevation of phosphatase T „otcd in the preceding pat> ,^pic 

were normal. There was definite secondarj anenn. , hospital because of a P'^ 

Case 3 — M. E.. a Negro woman of 63 years, came ]„ving had pam «’ the 

fraemre of Iwr right hip. She gave an interesting history of hawng 
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. • ^ (case 2). — Tissue from left scapula. Note irregularly shaped cells and giant cells 

bone destruction. 
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ixthrxal brack for the low part 

OF THE BACK 


HOKACI-: C. PITKIX. M.l). 

SA.v Ki(A.V( 

In 19o7 I briefly described an original inetbod of surgically bracing the low 
part ot the liackd The present article is written to sunnnarize tbe advances 
ni technic and the results in 53 cases in which this operation was performed in 
nie past twelve A'ears, 

IXDICATIO.VS FOR OPERATION 

The type of back to which this operation is suited is one which shows struc- 
'^nral instability of the lunibosacroiliac joints, singly or severally. There must 
"Ot be any signs or symptoms of arthritis or tuberculosis, conditions for which 
le standard spinal fusion and more prolonged recumbency are indicated. Harked 
"Nation of the sacroiliac joints, as shown by inclinometric measurements, 
together with persistent sacroiliac symptoms, is a valid indication for the operation. 

0 her indication is a persistently recurring sublu.xation of one or more lumbar 
prticulations. The downward sublu.xations. with or without actual rupture of the 
inten-ertebral disks, are especially prone to repeated recurrence which may require 
niternal splinting. I feel that laminectomy for removal of a ruptured inten'Cr- 
^ tal disk should be accompanied almost invariably by an internal back brace. 
mall\-. almost all types of spondylolysis and spondt’Iolisthesis are best splinted 
- ^ 3 'Pe of operation. 


JOINTS THAT M.AY BE SPLINTED BY THE INTERNAL BR.-VCE 

, Starting n-ith my modification of the Verrall tie rod graft, which splints both 
'"croiliac joints, the brace mav be extended upward to include an\' or all of 
tile lumbar vertebrae. 

TECHNIC OF OPER.XTION 

the indications noted, and disregarding all previous trials and errors. 
53 ^ that the present technic is well standardized. .All sublu.xations and 

after ^ are reduced by manipulation, with or without anesthesia. There- 
“1^ patient must be brought to a condition of complete comfort b\- rest in 
acti traction. Comfort cannot always be obtained for patients who show 
before on nerve roots, but the more comfortable the patient becomes 

operation, the more spectacular is the operative result, 
botl ^ preparation of the skin of the low part of the back and of 

the patient is anesthetized by rectal instillation of a solution of avertin 
oper hydrate and by inhalation of ether. He is placed prone on the 

file ti"'^ table with a pillow beneath the pelvis and rolled blankets beneath 
intravenous infusion of 5 per cent de.xtrose in physiologic 
the 0 ^^'^ sodium chloride is started and is allowed to drip slowly throughout 
plate Each thigh is encircled by a blood pressure cuff, and the ground 

part of' f oauterv knife is placed beneath the abdomen. Both legs and the lower 
■ ____^^back are prepared and draped. 

H C. : Sacrarthro iicnetic Telalijia: Plan for TrcalniciU, J. Pone & Joint. Snrg^. 
fJan.) 1937. 
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ARcmriis or si-kgurv 

aW'lo 1!“; I'-', of ll'o iinntar 

sacral spini, wbiel. is U.e one ,li ,al 

spines of ll.e ilia \li n ’'"'•‘I 'o a l'"v conneclinE tlic posterior superior 

taseh at d es n '“ ''"f c ''''’■'■'■"‘only patls and skin clips. Tlie fat, 

be clc rtZm bn f' 'Tf n™" ‘"o ■iPi"oos processes sviti, 

until tbe hn ^ 'bfcction is continned sviih a periosteal elevator 

am otstta S in ’n- '■■'■WMPltys.al articulations are exposed. If tliere has been 

h ninertfm o^ 1 ' '■“l ir o,xposed by lateral 

lanimectcny ol the peel; hole type and is freed from all pressure. 

to da , Jo nr',",' al tl'o level of the umbilicus 

of the pxnnt; / 1 ^^ spinc. W 1 th a flexible probe, the operator makes a profile 
brace third sacral upward to tlie cranial end of the 

curved rrnft blood prcssurc cuffs have been inflated, two 

Snare ST. -f ^7’" T ^acb graft is 12 mm. 

tie rod o-nft ' Papers to a point at the caudal end. The transacral 

tn tliP T b 7 7'” other tibia. It is 12 mm. square, and its length is equal 
^ ^oce 3et\\ een tiie sacroiliac joints at the level of the posterior superior 
as iiieasured on the anteroposterior roentgenogram. For convenience, 
■Win ° pointed, and the other end is cut squarely across. 

'( '^A " have been closed, each leg is wrapped looselv with sheet 

cuffs deflated^ tiandages from the toes to midthigh, and the blood pressure 

My flat drill^ guide is now laid across the back at the level of the posterior 
superior i lac spines^ and ^ is held in place by the assistant. By measuring from 
le cen er o the drill guide anteriorly to the base of the second sacral spine, the 
operator d^ermines the depth at which the drill holder shall be set. The drill 
noicler is affixed to the end of the drill guide. The drill itself is round; measures 
mm. m ^ diameter, has a reamer point and, at its base, swells to a recessed 
utt tiat IS 10 mm, square. The drill is introduced through the drill holder 
at the predetermined depth into a stab wound in the buttock. By to and fro 
ro a ion, so as not to wind up the muscles through which it passes, the drill is 
orced m turn through the gluteal muscles, the wing of the ileum, the erector 
spmae muscles, the spine of the second sacral vertebra, and in the reverse order 
rough the structures of the farther side. The drill guide and drill holder are 
remove > ^’^d the sharpened end of the tie rod graft is inserted into the recessed 
utt o t e drill. With a hammer, the graft is driven through, driving the drill 
e oie it. Thus, a round hole, 8 mm. in diameter, drilled into 'cancellous bone, 
is enlarged to a 10 mm. square by the srvollen butt of the drill, and then to a 

mm. square by the driven tie rod. This insures complete solidity of the tie 
rod graft. 

For uncomplicated cases of sacroiliac relaxation, closure of the midline incision 
and of the two stab wounds completes the operation. When varying degrees of 
lumbar instability are encountered, the tie rod functions as a foundation for the 
longitudinal paraspinous grafts. As already described, these two curved grans 
are cut to fit the profile of the laminas from the third sacral vertebra crania } 
to the required distance. The pointed ends of the longitudinal grafts are inserte 
between the tie rod and the second sacral laminas, one on eacii side o t JC 
spinous process. With a Smith -Petersen graft impactor and a hammer, tlie gra/tj 
are driven caudally. Because of the posterior inclination of the second and thn 
sacral laminas, the farther the grafts are driven, the more tightly their cran 
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approximated to tlic luml)ar iaminas. \\-|icn the previouslv broken 
operating table is brought back to level, and tiie lumbar curve is restored, the 
De)v,-« . tJio operator is able to lift the patient's 

the tlir^ ‘■'s -"i 'jy "■'cans of a Kocher clamp applied to anv of 

Pinaily, tiic lumbar spinous processes are split longitudinallv 

eraft- 7 ^- ^’'‘'‘‘orally to form a roof over the paraspinou^ 

ElfaniiainU%TforrcW^ 

POSTOPItRATIVK CARP 

'T' . 

for tu-p'!!H''f formation of postoperative hematomas, the patient is kept supine 
entirelv S'fi '' Alter the first dav all activitv is left 

ten dav. M inclination. In this series, the shortest hospital stav was 

hvo dav^ 'yas fifty-nine days, and the average ivas less than twenn-- 

e.\tema'l . of mhcreiit stability of the internal brace, no form of 

expect a dM?^i surgeon should warn the patient that he mav 

desreec: of n • grafts and a feeling of instability- with varying 

after the ..rT ^ postoperative week. There- 

'arger for ^ ^ op. are replaced by living bone and grow progressivelv 

one to two years after implantation. 


FOLLOW'L-P 


oionths follow-up in this series is twelve years, and the shortest is sLx 

^is usual exception of one operative death, ever}^ patient has returned to 

fo the u ^^oiyalent occupation. In this series, the shortest time for return 

^’ght w/'p occupation or its equivalent was seven weeks, the longest was forty- 
grafts fr^ the average was less than eighteen weeks. One patient lost her 

oot although she continues at her usual occupation, she was 

^nd of th ■ operation. In 3 patients, all women with shallow sacrums, one 
''■ere ce broke out of its iliac emplacement when the longitudinal grafts 

Complete ^ {■ ^ these patients a later operation produced solid union with 

her ^ i^^ symptoms. The third refused a secondary- operation and continues 

^pirallyr'^^h? occupation unrelieved. One rather thin tie rod graft yy-as fractured 
®^■Ulptom ^ ^o®cular effort but healed spontaneously yvith complete relief of 

Sev 

resuitg patients in this series had perfect anatomic and functional 

^"atomic " °f tbe patients yy-ere markedly improved but shoyved some 

°r fiinct" functional defect. In 10 per cent the results yvere classed as anatomic 
"ho yvere*^^ fsilure. This series represents less than 5 per cent of the patients 
"’ith tlie^^ floated for similar conditions in a comparable period, since only those 
Imm ^osistant conditions came to operation, 
shoyved ^ffer operation inclinometric measurements of sacroiliac mobility- 

immobilization. At the sixth yy-eek there is moderate sacroiliac 
^iter re°” • third or fourth month sacroiliac motion has become and there- 

sllowed b iionnal. At later operations it has been shoyvn that this motion is 
lonr^it, )• - f^^^ion yy-ithin the tie rod. Similarly-, lateral roentgenogframs of the 
"'oderate ^ taken in flexion and extension shoyv no motion at first, then 

'i'^''elon ™d finally- no motion. It is possible that the longitudinal grafts 

torsional moy-ement. as the tie rod does, but it has not been 

f^f’ents folloyv-up is interesting. All e.xccpt the 4 most recent 

'me been folloyved for at least one rear, and 2 patients have been followed 
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for twelve years. 'J'lie deii.se lihial hone j^rafls begin lo show ab.sorption and replace- 
ment l)y the end of tlie third or the fourtli montli. At the end of eight months the 
grafts .seem to have almost tlie .same density as the surrounding hone, and recon- 
struction of their size and shajie is evident. Tlie tie rod now lias the appearance of 
a tlouhly arched truss that is largest at its three jioints of hony contact. The 
longitudinal grafts show hulhous enlargements at all points fif contact with the 
laminas and the tic rod. Ijy the end of the first year replacement and growth are 
practically complete. In jiatients who do extremely heavy labor, the grafts have 
continued to show gradual growth for as long as ten years and a])])car to follow 
Wolff’s law in response to stress and strain. 

SUM MARY 

An original ojieration is described which differs from all other types of spinal 
fusion in the following respects; 1. It immediately immobilizes the desired portion 
of the low part of the hack without any form of e.xternal support. 2. It shortens the 
period of hospitalization to an average of approximately three weeks. 3. It shortens 
the period of partial disability to an average of a])])ro.ximately eighteen weeks. 

Fifty-three patients who were ojjerated on after this method have been followed 
for from six months to twelve vears. 


909 Hytle Street. 



AX OPERATIOX FOR P.FXIGX CYST OF THF UPPER 
HLOIERAL METAPHYSIS 


WILLIAM A. ROGERS. M.D. 

liO.'TO.V 


A benign cyst (osteitis fiiirosa cystica locaiisata) of the upper end of the Iiumeral 
shaft may be so large that fixation following curettage and packing with bone 
presents some difticulties, especially wheti the wall of the cyst is very thin and 
fracture is present or imminent. 

Two such cysts were recently dealt with by me in a manner which I have not 
seen described heretofore. The method is presented because it seemed to meet the 
requirements, mechanical and therapeutic, in a satisfactory manner. 

In each case (figs. 1 A and 2 A) the cyst was approached anteriorly, the biceps 
muscle being reflected medially, the deltoid muscle lateral!}'. The periosteum was 
carefully reflected medially and laterally to a point about 3 cm. below the distal 
end of the cyst. A vertical slot was made in the anterior wall of the cyst, exposing 
the interior, and through this the fluid and the lining membrane were removed. 

Two full cortical thickness grafts were removed from the tibia, each being equal 
>n length to the length of the cyst plus about 3 cm. and about 1 cm. wide. 

Two transverse slots, one on each side, were then made in the wall of the 
cyst at the level where the shaft flares out abruptly to meet the humeral head and 
tuberosities. This level normally is about 4 cm. below the tip of the greater 
tuberosity; in benign cysts it will vary. Through these slots the nvo grafts were 
pushed well up into the interior of the cyst to the latter's pro.ximal limits, toward 
(but not through) the upper epiphysial plate. The lower portions of the grafts lay 
outside and snugly against the cortex of the shaft distal to the slots, extending down- 
ward to a point about 3 cm. below the cyst. 

Two transfixion screws of vitallium or stainless steel were then introduced 
through transverse drill holes made in the grafts and the normal shaft immediately 
distal to the cyst. These screws fixed the grafts. The grafts in turn provided 
stout fixation, in normal relationship, of the epiphysis and the shaft, and at the 
same time served as bone packing. 

In what remained of the cyst chamber were placed a few sizable free bone 

transplants. 

So stout was this fixation in each case that no external splint was necessary. 

1C extremity was suspended from the Balkan frame by the Blake method for one 
to three weeks, until wound healing was advanced. Both boys were then ambulator}- 
With no other support than an ann sling for eight weeks. 

Adequate bony reorganization within the cyst was thought to be established 
^C} nnd doubt in each case in three months. See figure 1 B, C and D and figure 
- ' and C. When the patient in each case was last seen five months after operation. 

. n nonnal range of motion without pain throughout the e.xtremit}-, and 

ueraiion of the cyst seemed complete. 

-'■'1 Rracon Street. 
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Fig. 1 (case 1). — A, artist’s drawing of the cyst, made before operation, t 2^^ 

film has been misigid ; the pathologist’s report was bone cyst.) The patient, a y 
had had three fractures in the past eighteen months. B, schematic an, tnadfi 

the operative procedure. See te.xt for a detailed description. C, ^,ing almost 

shortly after operation. D, roentgenogram made eight months after operation, s i 
complete obliteration of the cyst by bone. 



ROGERS— BEXIGX CYST OF HUMERAL METAPHYSIS 


Fig. 2 (cafe 2). — A, osteitis fibrosa cystica. The patient, a boy aged Id. fell, fracturing 
the luinicnis througli tbe cyst four days before admission. B, roentgenD.cram taken shortly 
after operation. One strut was used instead of two. C, roentgenogram taken tivc mogthf 
after operation, showing almost ce’mplctc obliteration of the cyst by !>one. 
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OPERATION FOR CORRECTION 
i:) IS LOCATION OE 'ri lE 


OF RECURRENT 
JAW 


LFAfUKL D. SMITH. M.D. 

MII.WAL’KKi: 


As a variant to tlic jjrocedurcs of citlier injection of the capsule or removal 
of the discus articularis for recurrent dislocation of the jaw, I have come to prefer 
the following procedure as more positive than the first and simpler and more 
positive than the second. 



Fig. 1. — One-inch (2.5 cm.) incision made 1 inch in front of the external meatus of 
the ear. 

A vertical 1-inch (2.5 cm.) incision is made about 1 inch anterior to the 
external meatus of the ear as shown in figure 1. The skin here tends to 
vertical folds. If the closure is skilfully done the scar is hardly discernible. ns 
line will correspond to the anterior border of the condyloid process of the man i 
with its upper limit over tlie tultercle of the zygomatic process of the teinpon 
bone. A speculum retractor (a in fig. 2 A and B) is pushed into the wounc a ong 
and touching the anterior border of the neck of the mandible until it is stoppec 
by the tuberculum articulare of the temporal bone. Through the speculum a /o-i 
inch (0.35 cm.) drill (h in fig. 2 A) is introduced. It will impinge on tie 
culum articulare. The drill is held in the frontal plane and is dircefee cep i< 
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at an angle of 45 degrees. Tlie drill is sunk until it pierces the inner table of 
the temporal bone. The bone is 'Xii inch (O.OS cm.) thick here. The drill hole 
is tapped with tap c (fig. 2 A). A shoulder bone peg ^%4 inch (0.39 cm.) 
(d in fig. 2 A) is then screwed into the hole until it breaks off at c (fig. 2 A), 
which leaves a bone plug (/ in fig. 2 C) projecting inch (64 cm.) from the 
tuberculum articularc as a buffer against which the condyloid process of the 



Fig. 2. — A, tools used in the operation: (a) speculum retractor; (6) drill; (r) top: 
(rf) bone peg: (c) breaking point of peg. B. insertion of speculum retractor (a). C. bone 
plug left after breaking off of bone peg rf at c. 

mandible will impinge. On removal of the speculum the wound closes spon- 
taneously. The skin is sutured with horsehair. The scar is negligiitlc. 

Effective hemostasis is important. The only complication that lias occurred 
was temporarv partial paralysis of the facial nerve, wliich disappeared with absorp- 
tion of the hematoma. 


245-1 West Kilbourn .Avenue. 





USEFL’L SURGICAL PR( JCEDURKS FOR RHia'MA'rOl!) 

ARTHRITIS INVOLVING JOINTS 01' 

Till': UPPER i:ntri-:mitv 


X. SMITH-PKTHRSMX. M.D. 
OTTO R. AUFRAKC, M.D. 

.VNI> 

CARROLL 15. LARSOX. M.D. 
nosTd.v 


“Wail vinlil ihc acute cuudilicm i|uiels dowu." "nnu't operate during the acute 
.stage.” These statements e.xprcss the commonly accepted opinion about surgical 
])rocedures undertaken during the active stage of rheumatoid artliritis. Tlie lack 
of success of fascia lata arthroplasty and of synovectomy when undertaken during 
the acute stage is the obvious reason for this ])revailing opinion. The success of 
vitallium mold arthroplasty undertaken in sjtite of active disease has made us 
stop to analyze the pros and cons of operative treatment. 

To relieve pain, to arrest the disease process and to preserve function are the 
aims of treatment of any acute condition of a joint. “Rest” is the principle of all 
so-called “conservative” nonoperative measures. As a rule, the “rest” treatment 
is successful in relieving pain, sooner or later; as a rule, the “rest treatment” 
is successful in arresting the disease process locally ; when it comes to preserving 
function, the “rest” treatment is generally unsuccessful ; this is particularly true 
since it affects not only the primary joint but also the other joints of the extrem- 
ity, rendering them more vulnerable to the disease process. If it were possible 
to put one joint at rest without affecting the other joints of the extremit3^ the 
“rest” treatment might be justifiable, but when putting one joint at rest jeopardizes 
the function of the other joints, the treatment becomes questionable. A joint 
immobilized or put at rest in a plaster cast becomes less painful because acutely 
inflamed, congested structures are prevented from performing their function : 
nature is partially successful in bringing about this same result by its own method 
of immobilization, that of muscle spasm. Neither method is ideal : both har’e dis- 
tinct drawbacks. 


Nature’s “protective muscle spasm” is the gentlest, mildest form of immolult- 
zalion ; it diminishes pain by diminishing function and by putting the affected joint 
in a position of minimum discomfort. This position is rarely, it ever, the optimum 
functional position and consequent!}' must not be allowed to persist for a long 
enough time to produce a lasting deformity of the joint involved as well as of the 
other joints of the extremity ; one must recognize the fact that as soon as one joint 
of an extremity is put into a position of deformity, the other joints of that exticmit} 
are made to function in a corresponding, proportionate position of defoimity. I le 
first objection to immobilization by protective muscle spasm is the 
deformity involving not only the primary joint but also the other joints o 


extremity. 

iilusclc spasm affects the circulation, both arterial and venous; it diminislie.s 
the arterial circulation of all the muscles in spasm as well as that of all the 
tures distal to it; it interferes with the venous return, causing congestion aii 
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ecleina of all the structures distal to the region of spasm. The second objection to 
imnuibihV.ation by muscle spasm is the interference with circulation, diminishing 
nutrition to other joints and rendering them more vulnerable to disease. 

Muscle spasm interferes with the motion between muscles, between muscles 
and fascia and between muscles and underlying bone; it creates increased tension 
and friction, resulting in fascitis and bursitis. These conditions in themselves ma\" 
be productive of greater pain than the condition of the joint primarily affected and 
thereby delay the return to function. Bursitis and fascitis, then, represent still 
further objections to immobilization by protective muscle spasm. 

Atropln- of muscles, ligamentous loss of elasticit}', atrophy of bone represent 
other complications of immobilization b}' protective spasm of muscles : they also 
complicate artificial immobilization by means of plaster casts, braces or other 
means of partial or complete elimination of function. 

Artificial immobilization relieves pain by partial or complete elimination of 
function; it also attempts to avoid one of the complications of immobilization 
through spasm of muscles by putting the joint at rest in the optimum functional 
position. This is not altogether desirable since it subjects the articular surfaces 
to continuous apposition, one surface being forced against the other b_v the resis- 
tance of the controlling muscles. The effect is distinctly less noticeable in cases 
of immobilization by traction, but even this form of treatment has some of the 
unfavorable pressure aspects. Joint surfaces exposed to continuous apposition and 
pressure, one against the other, instead of the normal intermittent pressure and 
friction, undergo degenerative changes more quickly than if they were allowed at 
least partial function. This must be kept in mind and immobilization necessar}- 
for the relief of pain made use of for the shortest possible period. Any secondar}- 
source of pain must be avoided by eliminating prolonged immobilization. 

The active, or muscular, support and the passive, or ligamentous, support of a 
joint undergo changes characteristic of the tissues of which they are composed 
when thev are deprived of their function. Muscle fibers atrophy in proportion to 
the length of time that they are forced to remain at rest; such atrophy is accom- 
panied by loss of elasticit}- on the part of the fibrous tissue framework. These 
ciianges represent distinct obstacles to restoration of function. The passive sup- 
porting ligaments normally have a certain amount of elasticity, but it is slight in 
comparison with the muscular elasticit}-. M'hen they are deprived of their function, 
their elasticity is diminished and they become structures very resistant to restora- 
tion of motion in the joint which they support. 

Atrophy of bone represents the final objection to prolonged immobilization. 
Whether or not such atrophy is a source of pain, we are unable to say, but that is 
a possibility. There can be no question, however, that it renders surgical restora- 
tion of function more difficult. Keeping in mind that a joint represents the fulcrum 
through which the controlling muscles exert their leverage, it is clear that post- 
operative exercises, aiming to restore muscle power and overcome inelasticit}-. 
will tend to force the newly created joint surfaces against one another; in the 
presence of atrophy of bone such postoperative treatment will tend to distort the 
potential joint, which consequently will have a diminished range of motion. 

We have presented some of the main objections to conserrative treatment by 
immobilization. \\'e do not mean to imply tliat immobilization is never indicated ; 
it is indicated for relief of pain but should never be carried to a point where it 
creates obstacles to successful surgical treatment. One must constantly be on 
guard against carr}-ing the treatment to a point productive of secondary source.' 
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uf pain, such as bursitis and fascitis. Jf such secondary condition.s do an.'-e, tlicy 
must be eliminated, so that the functional treatment f)f tin: j)riinary condition can 
be undertaken at the earliest possible moment. 

Functional treatment, aiming to relieve pain by medication, is distinctly more 
desirable, but even such treatment can be carried to a point creating coiiditiiais 
difficult for tbe surgeon to overcome. 'I'he internist and tbe .surgeon are apt to 
wail for the roentgenograms to show advanced destructive changes before re.<ort- 
ing to operative treatment. It is only in retrospect, when they see local rleformity, 
as well as deformity of other joints .secondarily involved, th;it they s:iy. "We 
should have operated at an earlier stage aiul thereby jrrevented these deformities ; 
now we have to correct them.” 

Rheumatoid arthritis involving any one of the joints of the ujjper e.xtremity 
brings on protective muscle spasm jiroducing a position of fleformity which is 
essentially the same, no matter which joint is involved. Tbe position of deformity 
of the shoulder is one of adduction and internal rotation : that of the elbow is one 


of flexion accompanied by diminution of motion in pronation as well as in supina- 
tion ; that of the wrist is one of diminished dorsifle.xion accompanied by ulnar 
deviation. Limitation of pronation and supination at the wrist is, of course, 
dependent on limitation of these same motions at the elbow and vice versa. The 
small joints of the hand gravitate in the direction of ulnar deviation and flexion. 
Since one painful joint is apt to result in limitation of motion of all the other 
joints, with all the evils that accompany such limitation, it is important to mobilize 
the joint primarily involved as soon as possible and not delay the return of func- 
tion of the joints secondarily involved any longer than absolutely necessary. \Vith 
this in mind one must continually be on the lookout for a change in the pain or 
discomfort produced by the primary lesion. The shoulder joint is a good e.xample 
of what we mean by this statement. Rheumatoid arthritis involving the gleno- 
humeral joint results in a position of adduction and internal rotation of that joint. 
The muscle spasm producing this position affects not only the joint itself but also 
the subacromial and subdeltoid bursas, and these structures become involved early 
in the inflammatory process. Since scapulothoracie motion to a considerable extent 
depends on locking of the glenohumeral joint, and since locking of the glenohumeral 


joint produces increased tension of the subacromial bursa, an acute inflammatory 
condition of the subacromial bursa automatically eliminates scapulothoracie motion. 
• In other words, subacromial bursitis accompanying rheumatoid arthritis of the 
glenohumeral joint practically eliminates function of the shoulder and secondarily 
of the entire upper extremity. In order to restore function, the pain arising from 
the subacromial bursitis must be eliminated ; we have found the operation o 
acromioplasty a satisfactory procedure for this purpose. By e.xcision of the 
acromion the central tendon of the deltoid muscle is brought into apposition to the 
scapulohumeral tendinous cuff and it is this relationship which brings about rehe 
from pain and allows the patient to make use of whatever motion there is in the 
scapulohumeral joint and to compensate for the diminished motion in the scaj^ulo- 


Inimeral joint by scapulothoracie motion. 


ACROMIOPLASTY 


The first operation of acromioplasty was performed in September 1935 foi t le 
relief of pain arising from the impinging of an exostosis of the anatomic neck o 
the humerus on the acromion. Excision of the acromion enabled the patient to 
make use of her scapulothoracie motion and improved the glenohumeral motion 
also, although not markedly. The striking effect was the improvement in function 
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of the omirc tipper extremity iHrim.-e of tlie elimmatioii of pain. This is now 
seven and a half yeans aeo and the patient has remained comfortable and able to 
use lier njtjier extremity for iiractieaily all routine activities. Since that time the 
openition has been performed on 1 1 ]iatients. all witli rheumatoid arthritis — uni- 
laterally in S. bilaterailv in d. The results have been satisfactory in practically all 
the cases. When we sav “satisfact<.iry,” we refer ])articularly to the relief from 
pain; there has not been anv strihiu" mcrea.-e in the range of motion in the gleno- 
humeral joint. The improvement in function has in all cases been due to improve- 
inent in compensatorv scapulothoracic motion. These 11 cases were all instances 
of rheumatoid arthritis, and the operation was not undertaken in a single instance 
until there were advanced changes in the glenohumeral joint. Since the operation 
is not a destructive procedure, it seems reasonable to suggest that it be undertaken 
US soon as the diagnosis of subacromial bursitis is made, e\'en though the roent- 
genograms do not show an advanced destructive process in the glenohumeral joint. 
^Ve are confident that if the operation is undertaken early, even better functional 
results may be obtained. 

OpcralitU’ Tcchuic. — X’arious incisions have been used. The S-shaped or 
bayonet incision has been found the most practical ; it starts at a point inch 
(2 cm.) anterior to the anterior angle of the acromion and extends to a point 
inch posterior to the posterior angle of the acromion. The insertion of the trape- 
zius muscle is defined from the origin of the deltoid muscle and the periosteum 
between these muscle attachments incised. The deltoid muscle is reflected from a 
point just lateral to the acromioclavicular joint to a point just mesial to the posterior 
ungle of the acromion. By this reflection of the deltoid muscle the subacromial 
bursa is exposed. A tape or a small sponge is passed under the acromion and 
the acromion e.xcised bv means of an osteotome. The acromioclavicular^ joint 
should be left intact ; the posterior angle of the acromion should be included in the 
excision. The subacromial bursa, now completely exposed, is commonly found 
filled with congested villi covering the underlydng tendinous cuff. As complete a 
sjnovectomy as is indicated bv the findings should be carried out. 

There is one important point to be observed in the closure of the vound, that 
is the careful approximation of the central tendon of the deltoid muscle to the 
periosteal attachment of the trapezius muscle. By reflecting the periosteum to 
"hich the trapezius muscle is attached, i. e., from the acromioclavicular joint to the 
spine of the scapula, a better approximation is achieved.^ 

This operative procedure aims to relieve pain arising from the secondarv 
lesion, that of subacromial bursitis. On eliminating this source ot pain better 
function can be expected on the part of the joint involved primarily, i. e., the 
glenohumeral joint, as well as improvement in compensator}- motion between the 
scapula and the thorax. 


EXCISIOX OF THE HEAD OF THE E-VDILS 
Rlieuinatoid arthritis involving the elbow joint results m limitation of flexion 
fud extension as well as pronation and supination. The radial h^d plays an 
’niportant part in all motions of the elbow; consequently it one can eliminate pain 
associated with function on the part of that structure, one can expect a distinct 
improvement in the function of the elbow joint as a whole. The biceps mu.de 
tbe one involved in protective musde spasm to a greater extent tlian anv other 
muscle; because of the spasm of this muscle, extension and pronation are affectec 
in the disease process. At operation we Iiave repeatedly observed a dis- 
^^"Pancy in alinement between the radial head and the capitellum; we have mund 
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tlie radial head lifted upward in such a way as to jjreveut it from iiioviiif^ in a 
correct mechanical fashion over the congruous surface of the capitelluin, \Vc have 
found in the articular surface of the capitelluin a sulcus or a depression correspond- 
ing to the inferior articular margin of the radius. This joint defect is comparable 
to the joint defect in the femoral condyle produced by the articular margin of the 
tibia in spasm of the hamstring muscles. 

The natural answer to the mechanical interference with fle.xion and extension 
as well as pronation and supination is excision of the radial head. There is no 
need of dwelling on the details of this procedure since it is a generally accepted 
operation for relief of any condition interfering with normal function between the 
radius and the ulna or the radius and the capitelluin. 'J'hc operative findings have 
been instructive since the}' have been decidedly comparable to the changes in the 
subacromial bursa in rheumatoid arthritis. Synovial villi frequently herniate 
through the incision into the articular capsule; they arise from tlie synovia and are 
eliminated during the second stage of the operation, that of partial synovectomy. 
The villus formation may at times be so extensive as to make desirable extending 
the synovectomy to the pouch of the triceps muscle ; this can be done by reflecting 
muscular attachments posteriori}' from the epicondylar ridge. The o!)jection may 
be raised that since this operation consists not only in excision of the radial head 
but also in a rather extensive synovectomy, the beneficial results may be accounted 
for on the basis of the synovectomy rather than on the basis of the excision of the 
radial head. When we first undertook this operation, the synovectomy was decid- 
edly incidental, but even so good results were obtained. In cases in which the 
more extensive synovectomy seems indicated, there can be no question that this 
part of the procedure is distinctly helpful; it would not be constructive, however, 
if undertaken without the excision of the radial head — as a matter of fact, it would 
not be technically possible. 

Excision of the radial head has been performed in 10 patients, in 5 bilateral!}' 
and in 5 unilaterally. Again the results have been striking as far as relief of 
pain is concerned. The motion in flexion and extension has not been markedly 
improved, but it has been benefited; the outstanding benefit has been the improve- 
ment in pronation. We have no patients sorry that the operation was performed: 
they are all grateful for the relief it has afforded. 

Again it seems right to point out that the earlier this operation is performed, 
the better the functional result. In our series the operation has not been performed 
until the roentgenograms showed advanced destructir'e changes involving all tiie 
joint surfaces. 

ARTHRODESIS OF THE WRIST ; EXCISION OF THE DISTAL END 

OF THE ULNA 

In 1936 William Darrach ' published an article on excision of the distal end 
of the ulna for relief of pain arising from faulty mechanics of the wrist secondary 
to fractures of that region. Based on this article, a new approach to the wust 
joint was developed.- Arthrodesis performed through this approach has been 
particularly satisfactory because of the excision of the distal end of the ulna; this 
preserved whatever motion there was in pronation and supination and m some 

1. Darradi, W., in Libre Jubilaire oflFcrt au docteur Albiti Lambottc par scs amis ct scs 

cleves, Brussels, 1936. _ on. 197 . 

2. Smith-Petersen, ^f. N. : A New Approach to the Wrist, J. Bone & Joint Surg. 2 Z. 

124 (Jan.) 1940. 



SMITIl-PETHRSILX ET AL.— RHEUMATOID ARTHRITIS 


769 


cases improved the range of motion. The dorsal approach to the wrist is very 
satisfactory and excellent results are obtained as far as fusion of the radiocarpal 
joint is concerned, but. since the ulna is left intact, motion in pronation and supina- 
tion does not benefit. W’hen one has a disease process to deal with, as one has in 
rheumatoid arthritis, it is particularly important to eliminate pain arising from 
the radioulnar joint, and this can be accomplished only by e.xcision of the distal end 
of the ulna. 

Arthrodesis has been done through this approach in 5 cases, with relief from 
pain and preservation of motion in pronation and supination. In 4 cases the distal 
end of the ulna was resected without fusion of the radiocarpal joint, since this joint 
was not involved to such an e.xtent that fusion seemed justifiable. It does not seem 
fair to pass judgment on an operative procedure on the basis of 4 cases only: it is 
our impression that the patients who had excision of the distal end of the ulna 
plus arthrodesis of the radiocarpal joint have done better than the patients who 
had excision of the distal end of the ulna alone. 

METAC.-\RPOPH.-\L.\XGE.\L .-VXD IXTEKPHALAXGE.VL JOIXTS 

The metacarpophalangeal and interphalangeal joints may be involved in the 
disease process of rheumatoid arthritis primarily, or they may become involved 
secondarily to disease of one of the major joints of the extremity ; in either case 
disalinement, flexion, subluxation and ulnar deviation occur relatively early. W't 
say “relatively early” because we are unable to give a definite estimate of the time 
element, but we are anxious to emphasize the danger of the joints becoming 
involved from the very first. Obviously, the reason for this threat to the function 
of the hand is the force of gravity. The minute any joint of the upper e.xtremity 
is involved in a disease process protective muscle spasm puts it in a position 
demanding defense against the deforming force of gravity. Since the force of 
gravity is active continuously but the defense is not. deformity is the result — a 
deformity which is difficult, sometimes impossible, to correct. The natural conclu- 
sion is that no pathologic condition of a joint must be allowed to persist for a time 
long enough to give gravity a chance. If operation is undertaken eariv. eliminating 
pain arising from one of the major joints of the upper e.xtremin-, the smaller joints 
will continue to function and thereby be able to survive without being destroyed 
bv’ the disease process. We cannot prove that this is so ; we submit it for consid- 
eration and anah'sis, along with suggestions made for eariv operative treatment of 
the larger joints of the upper extremity. 

SUMir.ARY 

Reasons have been advanced for undertaking early operative treatment of 
rheumatoid arthritis in spite of active disease. Early operative treatment is urged 
in order to prevent the rise of secondary sources of pain. We urge conscientious 
analysis of pain complained of so that surgical treatment can be undertaken if the 
character of the pain changes, since this may be indicative of wiiat we choose to 
call secondary sources of pain. If there is evidence of bursitis or fascitis, the 
advisability of surgical treatment of so-called secondary sources of pain must be 
seriously considered. The point that we are most anxious to bring home is early 
surgical treatment before destruction of the joint is too far advanced in allow 
maximum benefit from the ojteration. 
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The operative procedures suggested — acroiuioplasty, excision of the head of the 
radius and excision of tlic distal end of tlie ulna, with or without arthrodesis of the 
wrist — arc constructive procedures. It is hardly fair to call them minor, since that 
will immediately bring about a diminished re.spcct for them. Let us refer to them 
as being constructive procedures for use before the disease process is far advanced. 
We feel justified in recommending them because they have given .satisfaction to the 
patients and to the surgeon. The surgeon has been satisfied because of the relief 
of pain in .spite of the fact that the range of motion has in no case been strikingly 
improved. 

266 Beacon Street. 
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STEELE F. STEWART. M.D 
Cliict Surgeon. Shriners' Hospital 

nONOH.I.r. TEKRITOP.V OF HAWAII 

Pain arising from bodily positions must be distinguished from postural dis- 
comfort. Posture, physiologically speaking, is the actiz’c maintenance of an 
animal’s station in its environment. It is a manifestation of muscular activity 
sustained largely by proprioceptive reflexes in accordance with inherited nervous 
patterns, modified by social customs and personal approbations or taboos. It con- 
notes resistance to external forces, such as air currents and gra-viw. Position, on 
the other hand, is imposed on a part, and the station is maintained by passive 
factors. It connotes relaxation and rest. In bed. when one puts one’s hands over 
one’s head the arms lie inertly on the pillow. They have position, not posture, 
because they are not muscularly active but at rest. 

Pain may arise from the position imposed on a part if the position is long or 
frequently maintained. For example, there may be pain in the region of tite 
internal lateral ligament of the knee witliout any other clinical manifestations. 
Such pain I have found is associated with the frequent curling of the toes around 
the legs of a chair from within out. The thigh and toes are supported; the heel 
is free, and the weight of the leg draws it into e,xtreme external rotation and 
abduction. The chief sustaining structure is the internal lateral ligament of the 
knee. How frequently or how long this position must be maintained before pain 
develops I am unable to say. However, once such pain has occurred the person 
may be free from it a good share of the time as he moves aroimd. only to have it 
appear a few minutes after he has seated himself and assumed his favorite position. 
The pain may be quickly relieved by placing the feet forward, or wrapping them 
around the chair leg the other way. 

Discomfort may come while a person is lying in bed on his face. I have 
obser\-ed the development of pain in the shoulders severe enough to wake one up 
when the forearms are placed under the forehead or above the head while sleeping. 
The pain occurs in tlie anterior part of the shoulder in the region of the bicipital 
groove. It is almost instantaneously relieved by placing the hands under tlie 
thighs. 

A third form of positional pain arises when a person is in the prone position 
and one thigh is drawn up into abduction. The pelvis is raised on that side and 
the trunk tends to be flat: the result is a localized painful strain on the derated 
side of the lumbosacral junction. This is quickly relieved by straightening the 
thigh. 

It would seem, therefore, that the pain arises from a chronic strain of ligaments 
or tendons not ordinarily subjected to long-continued strains. 

These brief obserrations may seem of little moment, but such pain is bafhing 
to one who has been taught to seek only after tire hard things. It is annodng t'j 
the patient and hard on the physician’s reputation if he does not find the cause. 

1310 Punahou Street. 
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A GENERAL .METHOD KOR CORRIXTING AXGUI.AR AND 
}XT AT 1 0 N A L DI S A L) K E M E NTS 

.MAJOR VERNON P. THOMPSON 

>ti;i)ICAI. CORPS, ARMY OE THE UNTTO) STATES 

Stable impingement of fracture fragmcnl.s often occurs spontaneously. !Mainte- 
nance of position is seldom a problem, and union is usually promi^t. This principle 
of stable apposition has been generally applied in the treatment of fractures. In most 
cases the surgeon strives for such apposition in performing osteotomy. 

The pointed telescoping type of osteotomy is not new, but I feel that the principle 
of inherent stability deserves a more general application through the simple method 
of this type of osteotomy than is often observed. While most surgeons liave utilized 
the principle, the method receives scant attention (Stcindler * ; Campbell -). When 
the principle is properly applied, slight but precise corrections arc easily maintained, 
and great modification of alinement may be attained ■without resort to a complicated 
procedure or to metallic fixation. 

Up to late in the nineteenth century osteoclasis Avas the only safe means of 
correcting deformities of the long bones. During the twentieth century roentgen- 
ograms and open osteotomy have provided such an opportunity for precise planning 
and meticulous e.xecution that the restricted field of osteoclasis has been replaced 
by the virtually unlimited field of osteotomy. Bony deformities of all ages have 
been the seat of almost every conceivable type, pattern and comple.xity of osteotomy. 

TYPES OF OSTEOTOMY 

The basic types of osteotomy follow the t3'pes of fractures of the long bones. 
Thus, the osteotomy may be transverse, oblique, curvilinear, longitudinal or stepped. 
The ends of the cut bone ma}' be smooth or irregularl}'' pointed, comminuted or 
splintered. 

A wedge effect is obtained with a transverse osteotomy at the site of angulation 
if impingement of the outer cortices results in a hinge action with opening of the 
concavit)' of the deformity on straightening the bone. This also slightly lengthens 
the bone. Apposition is consequently limited, the position is not secure and the 
method is applicable to relatively minor deformities. The fragments tend to 
readjust themselves to secure more stable apposition, -with loss of correction, or 
sometimes slip entirely, Tvith overriding. This situation was so obvious that the 
origin of cuneiform osteotomy probably goes back at least to the time of Macewen. 

Wedge or cuneiform osteotomy may be readily adapted to the large majorit}' 
of angular deformities of the long bones. The shape, size and location of the wedge 
can be anticipated with geometric accuracy by means of roentgenograms. Occa- 

IJiLs article is based on a preliminary report read at the niccling of the Western Orthopedic 
.Xssociation, Seattle, July 30, 1937. 

1. Stcindler, .A.; Orthopedic Operations, Springfield III., Charles C Thomas, Piihlishci. 
I'MO. 

2. Campbell, W. C. ; Operative Orthopedics, St. Loni.s, C. V. Moshy Company, ]9j9. 

3. ^lacewcn, M'.: Clinical Lecture on Antiseptic Osteotomy, Lancet 1:449, 1S7S: citc< 
hy Stcindler.' 
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sionally tlic site of llie wedge is slow to unite. If the wedge is cleanly removed, two 
relatively plane surfaces are left, leaving a problem of maintenance that has not 
always been solved, especially in the adult. This has led to utilization of various 
mpns of internal fi.\-ation. and more recently, as in Pauwels’ * reinclination operation 
(Schanz operation), to the use of transfixation spikes e.xtending out of the wound 
for fixation in the plaster cast. 

The easier problem of maintenance encountered when fracture fragments 
I'jresent relatively transverse but irregular surfaces has naturally led to stimulation 
of that ad^'antage in osteotonn'. This is seen to an advanced degree in the 
longitudinal or splintering osteotomy of Haas.^ 

The difficulties presented by mature bones with a tendency to break, splinter 
and displace have led to the application of suitable technics. The curvilinear, stepped 
and flanged osteotomies, with or without removal of a wedge and sometimes with 
the use of multiple drill holes to avoid splintering, have had their widest application 
at the knee and the trochanteric region of the hip. These types have been variouslv 
employed, as to previous technic, by different men for many years. 

The problem of adequate correction and maintenance of good apposition has 
been further met bt' the development of the incomplete osteotomy, the surgeon 
trusting to an adequate hinge effect on the outer side of the angulation. This 
principle is limited in its application to the young patient and to sites where the 
cortex is sufficiently thin to bend rather than break. 

A method of osteotomy more generally applicable is that of the oblique or 
pointed type, the surgeon electing to shape the bone fragments so that one end may 
impinge onto or into the other. 

The soundness of this principle has been well tested. From time immemorial 
those who set broken bones have endeavored to fi.x one irregularitj- into the other. 
This principle has been invoked in bone grafting, as ^yitness the intramedullar}- 
peg, fishtail and combined intramedullar}' and inlay grafts. It has been advocated 
for securing maintenance without internal fixation in the open reduction of fractures. 
It has often been spontaneously at work with a fracture, at osteoclasis and in 
incomplete fracture or osteotomy. It has been purposely utilized in the various 
t}'pes of subtrochanteric osteotomy at the hip, as recorded by Schiunm ® (though 
with transfixion pins) and others. 

The technic of Klapp," applied at a level where the shaft is of uniform 
diameter and the bone is wholly cortical, utilizes this principle, though it is difficult 
to form a socket for the pointed fragment without undue splintering. 

One method of correcting hammer toe deformit}- includes resection of the 
joint and insertion of the pointed shaft of the proximal phalanx into the larger 
base of the middle phalanx (Young®; Higgs®). 

BOXE REP.-tlE 

Y'hile tliere is little precise information as to the biophysical mechanism of 
bone repair, the anatomic factors underlying it are well understood. Given a irac- 

4. Pauwel, F. : Pauwel’s Subtrochanteric Wedge Osteotomy in Treatment of Pseudar- 
throsis of Necic; Case (J. H. Sickmann), Deutsche Ztschr. f. Chir. 229:336-342, 1930. 

5. Haas, S. L.: Longitudinal Osteotomy, J. A. M. A. 92:1636-1638 (May IS) 1929. 

6. Schumm, H. C: The Schanz Osteotomy for Fractures of the Neck of the Femur. 

J. Bone & Joint Surg. 19:933-963, 1937. 

7. Klapp, R.: Demonstrationen aus der praktischen Chirurgie . . . .•}nsp;tzende Oste- 
otomie, .‘\rch. f. klin. Chir. 177:688-694, 1933. 

8. Young. C. S.: Operation for Correction of Hammer-Toe and Gaiv-Toe. T. Bone i.'i 
Joint Surg. 20:713-/19, 1938. 

9. Higgs, S. L. : ‘-Hammer-Toe,” M. Press 131:473-475. 1931. 
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ture of bone or an osteotomy witii largely viable fragments lying in close apposition 
to one another and surrounded by a periosteal envelope, and maintained tiicre. 
prompt bony union is almost inevitable. 

Since an osteotomy is an elective procedure, the surgeon may well require 
that it conform to these basic principles. 

THE TEEESCOI’IXG V OSTi:OTO.\t V 

The method of the telescoping pointed or \' osteotomy is applicable to the 
correction of deformities and conditions necessitating rcalincment of a bone at a 
level where the bone is conoidal as seen in longitudinal section. The diaphysial- 



Fig. 1. — The tracings show the valgus type flexed knee of an externally rotated flail leg. 
The dotted line indicates the proposed osteotomy. 

The roentgenograms show the pointed fragment of the shaft telescoped into the metaphysis, 
correcting the disalinements. Unless epiphysial fusion is present or imminent, deformity from 
further growth may occur. 


inetaph3'sial junction and the metaphysial region of most of the long bones provide 
this basic requirement. Some diaph)'sial malunions are also suitable. 

The bone is exposed subperiosteally for a short distance on the outer side of 
the angulation. A V osteotom}" is performed, the ape.x pointing toward the meta- 
phj'sis and the plane of the osteotomy passing somewhat obliquely awa)' from the 
metaphysis. In the young person the bone may be incompletely cut, the inner 
cortex acting as a iiinge (fig. 1). Where the cortex on the inner side of the 
osteotomy is thick, it is better to section the bone completely, to avoid a spsra 
fracture, or leave hut a small section to be broken when the deformity is correctcf 
(■fig. 5). 
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Tile i)oiiHc<! ^i^Ie of ilie o.-leotomy iT sinnilcr and more cortical in structure 
than the nietaiilivsial reciiUur ^idc. With slij;ht hevclin^. tlie pointed fragment 
telescopes williin the larger. Markcfl degrees of deformity reciuire. as floes 
nither dense cancellous hone, that the receptor side he somewhat c.xcavated to 
receive the ]>oint dcei>ly enough to make the telescoping adequate for c<»rrcction 
and jK^sitive fixation (fig. 2). If the heveling is insufficient, relatively small wedges 
refinire removal to avoid imihngement of the cortices and consequent loss of 
apposition and locking. This is important in correcting e.xtrcmc deformities, when 
occasionally shortening ma_\' he necessary to avoid undue tension on major nerves 



Fig. 2. — The two roentgenograms to the left show an adult surgically fused postparalytic 
knee that, through growth disturbance, had undergone flexion and external rotation. The 
two postoperative lateral views were taken one day and fortj’-three days after correction. 
The tracings indicate the proposed osteotomy by dotted lines. The telescoped end is shown 
by a broken line. 


and blood vessels. Usuall}', as measured on the inside of the angular deformit}*, 
little or no actual shortening occurs. 

Thirty years ago, Osgood resected a quadrilateral wedge with the geometric 
accuracy afforded by roentgen studies and a cardboard model (fig. 3). He shaped 
the larger distal fragment so that it would retain the smaller when in the corrected 
position. He noted especialh’ the precision of the correction, its secure maintenance 
and the early firmness of union. 

10. Osgood, R. B. : A ^Method of Osteotomy of the Lower End of the Femur in Cases of 
Permanent Flexion of the Knee Joint, Am. J. Orthop. Surg. 11:336-346, 1913. 




Fig. 3. — Diagram redrawn from Osgood.**' Tlic permanently flexed knee i> In > 

lines. The shaded area is the quadrilateral wed.gc, which when removed permits ct>rrccliu 
as indicated by the broken outline. 



Fig. 4. — Old tuberculous hip disease with severe fiexion-adduction-internal rotation defor 
Photographs : left, preoperative ; right, five years postoperative. , jjjg 

Roentgenograms: left, preoperative; right, three months postoperative, taken wnc 
patient began weight-bearing in a short spica. .. . jjjc 

Tracings; left, preoperativc. The pointed osteotomy site is shown by a "^-oken 

shaded area represents the anterior quadrilateral wedge. Right, postoperative. The 
line indicates the telescoped portion of the distal fragment. 
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\\ Iiilr tclc’M'njiinj^ i>t ilii.- pniiiiod eiirl oj the \’ osleoioiii}' iisiiali}' makes 
resection of cortical hone unnecessary, extreme deformity with scarring of soft 
tissue may he treated hy (juadrilateral resection and telescoping to secure stability 
in all directions. 

Such application of the principle was made in the case of a .37 year old woman 
who had suffered from tuberculosis of the hip from the age of 3. with development 
of a severe flexinn-adduction-internal rotation deformity (fig. 4). A quadrilateral 



Fig. 5. — Adducted, probably tuberculous hip of a 31 year old white man. Roentgenograms 
from left to right: (1) preoperative ; (2) postoperative, taken witli the hip in a cast (operation 
March 2, 1937) ; (3) lateral view of March 9, 1937, with site of osteotomy scarcely dis- 
cernible; (4) anteroposterior view three months after operation. The vertical line of the 
view is parallel to the midline of the body. 



Fig. 6. — Xonunion of a fractured femoral neck with a viable head. The views from left to 
right are preoperative and two and one-half months postoperative. The point of the V cut 
bone is seen telescoped within the intertrochanteric bone. The head is in valgus position. The 
greater trochanter is below the acetabular margin. 

wedge was removed anteriorly and the posterior cortex was bent back to overlap 
great!}' the distal fragment. The hip joint was bone grafted at the same time trith 
the anterior portion of the ilium. Union was prompt, although a tuberculous abscess 
Was encountered. 

3\'hether for slight or marked correction, this procedure closeh' simulates 
the impacted (or “telescoping") metaphysial fracture in which apposition and 
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union are oiten so firm and |>rom])i as lo fliscmnaiie the suri^eon troin trying 
to modify the position a wccic or so later. 

Rotational realincmcnt is obtained by rolatini^' the jioinlcd fragment into line 
and forcing it into the receptor fragment, a socket having been gouged out it 
the cancellous bone is too dense or tlie surface is so large as to prevent sunicient 
telescoping. The deformities illustrated in figurc.s 1. 2. 4, 6 and 7 presented rotational 
as well as angular elements. 

The shortening as measured on the concavity of the deformity arising from the 
telescoping is identical with that of the typical cuneiform osteotomy, though 
occasionally there is slight lengthening as the inner side opens up when the 
telescoping fragments are firmly seated. Figure 5 illustrates slight lengthening 
on the inner side. This adducted tuberculous hip was bone grafted at the tune 
of osteotomy. Stable union was remarkably rapid even for this favorable site. 



Fig. 7. — Slipped femoral epiphysis in a Negro boy of 14. 

Roentgenograms : left, preoperative ; right, four months postoperative. 

Tracings: dots indicate the proposed osteotomy; broken lines, the desired position. 
Photographs : patient one and one-half years later. 


It should be noted that even with marked deformities there is little or no 
shortening as measured by the length of the bone on the concavity or inner 
angle of the deformity. It is axiomatic that the greater the angular defornut) 
the greater the gain in functional length on correction of the deformity 

j\Iore difficult to correct and maintain in correction is a femoral head that 
has become displaced (rotated) because of nonunion of a fractured femoral nec 
or because of slipping of a femoral epiphy^sis. In both instances the head is rotatec 
backward and downward resulting in coxa vara and external rotation. 

Figure 6 presents nonunion of a fractured femoral neck with varus deformity 
and external rotation. Note the obliquity'^ of the fracture plane to the weight-beariUt, 
line. After osteotomy a position of complete valgus is obtained, the marked externa^ 
rotation is corrected and the weight-bearing line meets the fracture plane a 
nearly a right angle. The apex of the V osteotomy was made posterolaterally, 
shaft freed and rotated forward 60 degrees and forced posteromedial!}' into 
intertrochanteric region so as to cause adduction and extension of the prOKima 
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tragmcnt, the (ii.'-tni slsaft rnnainiiig in neutral position. A plaster cast was used 
irir fixatidu. I'ninn at the site of the osteotouiv and at that of the fracture of 
the femoral neck was jirompi. 

A marked coxa vara due m sli])ping of the femoral epiphysis presents a similar 
iwoidem. 

I'igurc 7 shows a precisely similar correction save for a nail driven across the 
cpipliysial line. .\ wire loop was used to c<innect the nail and the distal fragment 
from osteotomy since (>0 degree antiversion angulation was obtained and the 
operator's confulence in the procedure was not equal to the occasion. It is not now 
believed that the wiring was necessary, 'fhe photographs show the abduction and 
internal rotation gained. 'I'licre is no limp. 

SU.M M.\RY 

A method is described for iierfonning osteotomy to correct deformities in which 
the bone is conoidal in longitudinal section. By a jrainted or osteotomy the 
smaller fragment may he partially tcle.scoped into the larger to obtain any desired 
wedge eflect or rotational correction. Because of the firm apposition of the 
partially telescoped living bone fragments enveloped by periosteum, stability is 
marked and union prompt. Xo special instruments are required. Plaster casts 
are used for maintenance. This method of performing osteotomy has been used in 
diverse situations with good results. W hile rather marked defonnities are shown, 
the method is no less simple and secure with the mild ones. 

Major Francis ^fcKccver, Medical Corps. .A-rniy of the United States, gave me permission 
to use the case shown in figure 1. 


2007 Wilsliire Boulevard. 
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CAPTAIN WILLIAM J. TOIIIX 

MEDICAL conrs, AILMy or Tiin iimted states 

Every now and then there appears in the literature a name associated with 
a definite type of fracture because of the latter's frccjuent occurrence in a certain 
type of injury. Among these arc the “crank” fracture of the lower end of the 
forearm due to the “back kick” of the crank, the “bumper’’ fracture of the upper 
end of the tibia and the “dashboard” fracture of the acetabulum. 

In two years’ observation of the fractures occurring among the parachute 
jumpers or “paratroopers” in training at Fort Bcnning, Ga., it has been noted 
that a substantia! number of the jumpers sustain fracture of the posterior articular 
margin or “posterior lip” of the tibia (fig. 1). Fracture of this type occurring 
alone constitutes about 12 per cent of the total number of fractures (272). At 
least another 4 per cent consist of fracture of the posterior lip of the tibia asso- 
ciated with fracture of the internal or the external malleolus. At times the fracture 
of the posterior lip of the tibia occurs with bimalleolar fracture — forming the 
trimalleolar fracture of the ankle joint (fig. 2). 

In civilian practice it is believed that fracture of the posterior lip of the tibia 
is relatively uncommon. The usual history in civilian life is that the patient was 
“tripped” by the heel of the shoe being caught on a step or on a curbing with 
the foot in equinus position and the weight of the body thrust forward. As the 
average civilian shoe is a “low quarter” shoe, there is little or no support to the 
posterior structures of the ankle joint, and when this fracture occurs, open reduc- 
tion is sometimes necessary to bring about reapproximation of the, fragments. 
While the fracture occurs much more frequently in paratroopers than in civilians, 
it is not severe. 

There has been no case in the series studied that required an open reduction. 
Undoubtedly, the high tight-fitting boot worn by the jumpers explains this. The 
astragulus is not pushed backward to any appreciable degree, and consequent ) 
the integrity of the posterior ligamentous structures, wliile stretched and undoubt- 
edly partially torn, are not completely separated. Naturally, if the causative foice 
is sufficiently great, as in a few cases, there does occur a posterior dislocation o 
the ankle joint. 

Another interesting observation has been that the jumpers often “reach foi 
the ground” when they are about 20 feet (6 meters) from it. As a result, the 
foot is in plantar flexion. It is a popular misconception that the parachute junipei 
descends in a vertical plane and contacts the ground upright. This, as a rule, is 
not the case. Such a landing could occur only if there were no wind currents. 

Oscillation of the parachute is the biggest individual factor in the production 
of injuries, including fractures, among the jumpers. It is this oscillation that 
causes the jumper to contact the ground sideways, forward or backward. 

The force of the impact with tlie ground can be compared to that of a man 
running and then jumping from a platforrn 12 feet (3.5 meters) high. There 
is that forward motion that is not appreciated by many persons. The men arc 
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iuhtnicu'd tii land on tin- l)all^ (if tlu'ir k-ct and then ;^n into a forward roll to 
al)5orl) ninch of tin’;; ]>articnlar sIilicIc. Metatarsal fractures constitute onlv about 
5 ]x:r cent of the total nuniher of frncttires. As the actual j)crccntages of the 
various tyjies of fractures have been described previously by nied no attempt will 
be made to elaborate ott them hero. 

It may be mentioned that in frcijuency the most common individual fracture 
is that of the external malleolus — due to the .«amc mechani.sm as that of the com- 



Fig. 1. — T\-pical fracture of tlie posterior lip of the tibia. This usuallj- occurs alone, and 
there is no appreciable separation of the fragments. 


moil sprain of the ankle, i. e., adduction and inversion of the foot. Fractures of 
this type constitute 23 per cent of all the fractures seen among jumpers, with 
the ankle in a neutral position. 

1. Tobin, W. J. ; Cohen, L. J., and Vandover, J. T. : Parachute Injuries, J. A. M. A. 117: 
1318-1321 (Oct. 18) 1941. Tobin, W. J. ; Ciccone, R. ; Vandover, J. T., and Wohl, C. W. : 
Parachute Injuries, .Army AI. Bull., -April 1943. 





782 


ARC I 111 liS OF SI ’RGF.R J ' 


From tlic anatoiDic point, of view, ilie ‘iiiperiur .surface of the asiragulus and 
the inferior articular .surface of the tibia are parallel and perpendicular to the 
long axis of the tibia. With the foot in plantar flexion, the po.sterosupcrior 
articular surface of the astragulus, which presents this structure s most narrow 
transverse diameter, is in contact with the articular surface of the tibia. In thb 
position it is less firmly locked than in dor.sincxiou. Xormal plantar flexion is 
145 degrees, but this is a variable figure. The jiostcrior articular ligament n 
relaxed in plantar flexion — hence little or no .support is presented to the torce 



Fig. 2. — Fracture of tlie posterior lip of the tibia associated with a fracture of tiie intern* 
malleolus and an oblique fracture of the lower part of the shaft of the fibula. 

transmitted upward through the long axis of the foot througli the astragulus to the 
lower end of the tibia. The result is a “shearing” ofif of the posterior articn 
surface of the tibia, the so-called posterior lip or third malleolus. ^ 

As a routine procedure — whether the fracture of the posterior Up 
alone or in junction wdth a fracture of the external malleolus — treatment consis 
in immobilizing the joint for an average of four weeks in a skin-tight pias 
cast with a walking iron attached. The incomplete fractures required less ‘ 
than those in which separation of the fragments had taken place. 


/ 
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In caM'> (if ;i ininlli’clar iractnn-. wciizht bcarinp wa? not institntcfl early, in 
fear of a ;;ei'aratinn "f the niallenli. 1-raotnre of tliis has been considered 

stifnciciuly severe to iii'iify recnmniendinp the jumper for a [)erinanent nonjnnip 
status. 

Jumpers with uncomplicated fracture of tlic {wsteriur lip were allowed to 
return to jump trainin':: after an adecpiate period — seldom under three months. 

In conclusion, it is felt that fracture of the jioslerior lip of the tibia is occurring 
frequently cnouqh amoni: die jiaratrixipers to justify the introduction of the 
phrase “paratrooix-r fracture." as it is believed that in no other occupation does 
this particular fracture occur as freiiuently. 

Tiic photograj'hs .arc rciir<>'hR'v.-il witli tl;e of the Ihl.-t Sisin.il Pliotograpliic 

Company, Signal Corps. .-Xmiy of tlie United States. 



TORSION OF THl': ACHILLES TENDON: ITS 
SURCICAL SIGN! FICA NCE 

J. WARREN WHITE, M.D. 

ORKENVnXK, S. C. 

LengUiening the heel cord is tlie coniinonest single operative procedure iu the 
repertoire of most orthopedic surgeons, and the reporting of any simplification 
of the technic seems justified, particularly if it brings to light an interesting cml^ryo- 
logic phenomenon which explains the internal arrangement of the fibers of that 
structure, not generally appreciated. Before I developed mj^ special but simple 
icchnic of subcutaneous tenotomy, I had abandoned that procedure because of 
trequent inability to get the severed tendon elements to slide apart, regardless of 
the near completeness of the alternate transverse cuts, and had cmplo}'ed an open 
tenoplastic technic, converting what should be a relatively simple operation into 
a much more formidable one. 

The satisfaction that has long accompanied this lengthening procedure, together 
with the continual urging of my friends that I publish a description of the 
procedure, has finally prompted me to finish a task started many years ago. 
when it was submitted as a successful thesis. The paper was even read at one of 
the national meetings but, partly for the reason that the embryologic phase had 
not been thoroughly worked out and for various other reasons, it never appeared 
in print. A particularly favorable opportunity for publication has presented itself 
and I am most happy to have included in this volume a contribution which I feel 
has considerable value and which I believe has been my most important original 
contribution. I present it as a token of sincere appreciation for the ojjportunity m 
orthopedic surgery made possible for me by the one to whom this volume is 
dedicated. 

The lengthening of the achilles tendon was really the first modern orthopedic 
operation to be performed and has continued to be the most frequent single pro- 
cedure employed in this branch of surgery. It is I'elatively simple, but any one 
who lias done it many times has been impressed by the difficulty frequently 
encountered before the partially severed tendon sections slide apart, and by how 
much of the tendon has to be severed before the lengthening is accomplished. 
Not infrcquentl)' the operator fears that he has completely severed the tendon at 
the proximal or the distal transverse cut and is far from being satisfied with a 
job that, with knowledge of the internal structure of the tendon, is so certain. Even 
when the tendon is generously exposed it is difficult to do a neat job without this 
information. The technic necessitating three transverse cuts is far from satis- 
factory, and aithougli the desired results are finally accompHriied, there is no 
comparison between the two procedures after one has done the lengthening opera- 
tion a few times in the manner about to be described. 

Any suggestion that can facilitate the performance of such an important and 
frequent operation I feel will he welcome, and the only apology .that I believe to 
be in order at this time is that relative to the delay in publishing the technic after 
employing it for so many years myself. 

In brief, tlic c.xplanation of tiic difficulty encountered in Icngtliening the heel 
cord by simple subcutaneous tenotomies lies in the fact tliat there is approximately 
a 90 degree twist of the structure on its own axis within the surgical field and 
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iliat when even two tiiirds of the mctiial fihers have iiccn severed at one level and 
two thirds <'f tiic lateral lihers at annflu'r level, enon-rh (ihers miss heintr cut to 
cause tlie tendon to -hanu.” Ati ordinary twisted Manila rope would behave in 
t!ic same way if cut partially at different levels and cognizance were not taken or 
tl’.c twist to make a]>pr(^j)riato cuts. 

M hen this almormality in the internal structure of the achilles tendon is appre- 
ciated (at least in comparison of this with other tendons) and the transverse partial 
tenotomies are made with it in mind, no difticulty is exjrerienced in lengthening' a 
tendon previously not operated on. If the anterior two thirds of the heel cord is 
.'Cvered a convenient distance above its insertion into the calcaneal tuberosity. 



Fig. 1. — Photosraph of the achilles tendons showing the torsion. 


and the medial two thirds is severed 2 or 3 inches (5 or 7.5 cm.) above this point 
m an adult, no difficulty will be encountered in elongating the tendon by applying 
moderate dorsiflexion force to the forefoot in an uncomplicated equinus deformit}-. 
The exact technic employ^ed calls for starting the proximal transverse tenotomv 
on the medial side of the tendon, after the anterior t^vo thirds has been cut about 2 
'uches distally, continuing with it laterally until the tendon sections are felt to slide 
apart while the previously mentioned moderate dorsiflexion force is being applied 
to the forefoot. * 

It is suggested that before this procedure is done subcutaneously it be done 
several times with the tendon exposed, until the mechanics of the situation is 
thoroughly appreciated and confidence established. Later it might be interestine 
as an occasional demonstration to do the subcutaneous procedure and then expose 
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the lengthened tendon to prove the efficacy of the oi)eralion. Ordinarily, of course, 
nothing is done but the properly located trajisvcrse tenotomies. < 

This torsion of the achilles tendon is not described in any modern anatomic 
textbook, although the artists in drawing many of the illustrations have frequently 
depicted this phenomenon accurately. The onl\' di.scussion of this condition I liave 
been able to discover appeared almost half a century ago — that of Parsons, who 
described the heel cord in the Canadian beaver. He does not say definitely but 
implies that the twist that he had iKJted in this industrif)us animal must be present 
in man. 

I have dissected the commoner domestic mammals and found this same torsion 
to be present in each, and I assume that it must be present in all animals in which 
there occurs the peculiar rotation of the posterior tarsus on which this morphologic 
character depends. 



Fig. 2. — Drawings to illustrate the placing of the two specially directed partial transverse 
cuts, both of the right foot (courtesy of Dr. Clarence H. Heyman). 


To understand the remarkable torsion phenomenon already referred to, one 
must briefly summarize the embryologic development of this apparently uncompli- 
cated region. No one has yet been able to demonstrate accurately the very early 
stages by which the undifferentiated flipper-like limb bud develops into the structural 
formation of the ankle. Tlie transition apparently occurs so quickly that sections 
of the limb buds showing this transition stage have not yet been obtained, and 
so the following explanation must be based largely on theory but, none the less, 
theory depending on anatomically recognized facts. 

To explain successful!}' what one finds in the internal structure of the heel 
cord, one must assume that the anlages of the os calcis and the astragalus are the 
os tibinle and the os flbularc, respectively, located at the ends originally of their 
corresponding bones. As the side by side relationship of these two anlages change^ 
to an under-over position, the tendinous portions of the muscular anlages of the 
inner and outer heads of the gastrocnemius muscle inserted into the anlages at the 
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(ii-tn! ends of ilu* til'in rnul t!u- liinila rotate mvessarily thron.uli an an.^lc of 90 
‘icprccs wliile the corn-pondiny ^'0 depives’ aniznlation of the ankle is being 
devc!oj>cd. Incidentally, it niipht be interesting to recall here that one derivation of 
the word "angle " is frcitn thi'- if>int. which of course eNisted ages before man bad any 
son of language. Tiie teinlon of the outer lieacl of the gastrocnemius muscle being 
inserted into tlte anl.age oi the os lihnlare is carried at its insertion forward and 
above thiC insertion of the •niter head into tlic tuberosity ot the os calcis. I he 
soleiis muscle tend'^n continues between these two tendons until the_\ all fuse 
into the tuberosity, losing its identity in man with the short flexor muscle of the 
toes, wdnch apj>arentl\* persist*' m all b.)we*r mammals, certamix the domestic animals 
xvhich I have ih'ssected ])ers<inall_\ . 

.\s the tendons change their relatitxnshi]) from the side b\ side position to an 
anterior-jiosterior jiositmii. the tendon of tiic outer head becomes fused with the 
tendon of the inner head and loses its altaclimcnt to the os fibnlare. now the 
astragalus, the soleus muscle tendon, as stated, evidently fusing between them, a 
fact which becomes apparent in a macerated specimen. 

When the anterior portion of the heel cord is cut near its insertion into the 
os calcis. the fibers that remain uncut arc the fibers from the inner head and are 
located on the medial portion of the large conjoined tendon proximally. There- 
fore when the medial portion of the structure is severed proximallx , all fibers are 
severed and the sections slide apart witli a minimum of effort. 

While I am unable to follow the same analogy through. I feel sure that the 
crossing of the tendons of the peroneus longus muscle and the posterior tibial muscle 
in the forefoot is associated with this posterior tarsal rotation of the os calcis and 
the astragalus. To substantiate this further, one may recall the anatomic position 
of the upper extremitv when the forearm is in full supination : i. e.. the first digit 
is lateral, while in the foot the first digit is medial. The whole explanation is out 
of the field of the orthopedic surgeon and, it is anticipated, will some day be 
worked out accuratelv bv the embryologist. It is hoped that the reader has not 
been too confused by' thi's rather complicated discussion, which was deemed to be 
of sufficient interest to be included in this primarily clinical paper. 

Regardless of the correctness of the explanation, the subcutaneous tenotomy 
using onlv the two specially directed partial transverse cuts permits the two tendon 
sections to be slid apart with sufficient ease to simplify the lengthening ot tie 
achilles tendon and is heartily recommended for routine use in this trequent 
orthopedic procedure. 

206 East Nortli Street. 



REHABILITATION IN WARTIME BRITAIN 


EDWARD HARLAN WILSON, M.D. 

COLUMBUS, OHIO 

During a recent tour of duty as surgeon in cliief of tlic American Hospital in 
Britain (February to August 1942) I became interested in tlic problem of 
rehabilitation as faced by the Armed Forces of Great Britain. In the Churchill 
Hospital at Oxford my associates and I were de facto a reconstruction unit placed 
at the disposal of all branches of the services. A great many of the military patients 
were there as a result of accidents in the course of training and of accidents m 
transport. Others came from far off Libj'a, while there were even a few left over 
from Dunkirk. Thus there was a mixture of i-ecent to moderatel}’^ recent injuries, 
including both simple and compound fractures, together with older problems ot 
nonunion and malunion, often associated with osteom 3 ’elitis, and always in these 
older problems there was the element of impaired function with its threat of 
permanent disability of a high degree. The sources of the most severe injuries 
were blasts and motorcycle accidents. In the former a man was often hurled 
through the air to receive multiple fractures and other injuries on encountering 
solid resistance. The same type of injur}'’ resulted when motorcycles driven at a 
high rate of speed skidded or otherwise went out of control on the wet winding 
narrow roads of England. These men sustained severe shock in addition to multiple 
fractures, and there were not infrequently internal injuries. In consequence, tbe 
primar)'’ problem of treatment was often that of preserving life, and the final treat- 
ment of the fractures aside from temporai-y splinting had to be postponed. By tb? 
time such patients were admitted to Churchill Hospital, four to six weeks had 
frequentl}’’ elapsed. All in all, this group offered a serious challenge to our recon- 
struction group. Exactly similar problems were encountered in the various British 
militar}' hospitals. Similar problems were sometimes found in civilians who weie 
injured by air raids. 

One of the primary lessons which has to be assimilated by one who turns from 
civilian to military surgical problems is that the primary purpose of an army is to 
fight battles and win the war. In England the purpose of the Royal Army Medical 
Corps is to restore men to front line duty, and if there is any man for whom that 
cannot be done, to discharge such a man from the Army and thus disencumbet 
themselves of useless “debris.” This greatly simplifies the problems of the Aim} 
and Navy medical sendees. 

In practice tlie maximum period of disability within the Army has been 
arbitrarily set at one year. Inspection boards are created in each hospital region, 
and each man is examined by one or two medical officers at about three and seven 
months after injury and the findings reported to the central board together with 
the recommendations of the examiners. If at the three month period it is apparent 
that the injured man will not be able to regain usefulness to the Army within the 
year, he is at once discharged. Most of the patients are retained until the seven 
month examination, when there is a further determination of fitness, while a fe" 
may not have final judgment passed until the twelve month period is about com- 
pleted. No man may be retained in the Army if he is unable to return to duty a 
the ye.ar end. The Royal Navy, on the other hand, does not have any arbitrar} 
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p'. iii-il I'u:' Itii! !< lid-. i<i i;( <’i» liu- nun "ii Mn list ns If)nj^ a? active treatment 

is indicated or t-ntil tlie ni.txinmin of restoration has Iieeii accomplished. 

^i.scI!.•^ro^; fjiini the .\rniv fo.r reason of continned ilisahility fiid not mean that 
tile man would !*c nertlcctcd. K'esponsihility merely passed from tlic .Army to the 
•Ministry of iVnsions. which was ilicn charj,'ed with tlic man's fnrtiicr treatment 
ttiul with his ultimate niucation toward usefulness in civilian life on tiie basis of 
impairment. .At Omrchii! Uo-jdtal this clianrte of conti-ol nsnally permitted tlie 
patient to remain nmier treatment, with the sole clianttc one of ultimate responsi- 
iiilily. Xaturaliy. persons wlm Iku! IkuI amputations tended to Iiecome early cliarq:cs 
of the .Ministry of I'ensious and w<'re all concenti-ated at Roehampton under Mr. 
Perkins. Civilians who sustained disability became charees of the Alinistry of 
Labor, whose dutv it was to restore them to industry by training at various regional 
sehools. 

Primary rehabilitation, of course, was begun in the ho.s|)ital. A\'c were fui-nislicd 
by the British Ministry of Health with completely equipped departments of physical 
mul occupational ihcrapv. 'I'lie personnel was British, and the members were 
eflicicnt and c.xcejitionaliv well trained. There were four physical therapeutists 
and a well equipped gvmnasium (which was designed to be part of a receiving unit 
ill case of emergenev). The equipment consisted of various heat-producing units, 
iucluding short wave machines. j)arafiiu baths, wrist and forearni c.xercisers and 
other equipment standard in th.e better .American hospitals. Occupational therap}' 
was divided into carjjcnlrv wi-trk. which was directed by a practical joiner secured 
from Oxford, and knitting and weaving. The British soldier has a passion for 
embroidering his regimental coat of arms on anything from a pillow to a blanket. 
This 'is begun before he is able to sit up. Others knit and weave rugs. One of 
tlie great events of Churchill Hospital was the composition of a quilt bearing the 
insignia of every military' unit represented at the hospital. The quilt was sent to 
President Roosevelt in honor of the .American origin of this hospital. All of these 
activities and manv others, begun earlv. diverted the patient s mind from his ov n 
problems and kept him busv. AV hen weight bearing was begun, the patients began 
to wait on themselves and to walk outdoors where they worked in vegetable gardens, 
of which there was one for each ward. At this stage of convalescence the\ vent 
to a central dining room for their meals. 

At this point, more purposeful work was begun by P. T. sergeants 
(instructors in ph3'sical training), who put these men who were in the early stages 
of convalescence through limited drills designed to build up endurance and to 
combat habitual limping. Such patients were sent shortly to convalescent homes, 
"hich were manor houses taken over by the Knights of St. John of the British 
Red Cross. There, physical therapy and drills were continued while, at the same 
time, there was increased opportunity for outdoor activities, such as golf on 
improvised courses and bowling on the green. It should be noted that many of 
these patients were activated in casts with thick rubber blocks fastened to the soles. 
The problem of tire habitual limp had concerned me in civilian practice only in 
connection with certain patients whom I had considered neurotic. In mass rehabili- 
tation it has been discovered that it is a factor of major importance which must 
Le met by early emphasis on the correct method of normal walkdiig. The “P. T. 
sergeants” are equipped to cajole, entice or warn men to use both the heel and the 
toe. 

-As soon as healing is completed, the soldier is discliarged to a rehabilitation 
camp, where his activity is rapidly increased until he is restored to full time duty. 
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All of our patients were sent to Westbury. l'nff)rtnnalely. tiie soldiers were 
allowed only four weeks of such traininij, and we therefore tended to keep them 
under care in one of the convalescent homes until wc were certain tliat four weeks 
of fairly strenuous activity would enahle them to return to active duty. The result 
was prolongation of hospitalization witli delay in final recovery. By far the better 
system was that of the Air Force, largely organized by Watson Jones. We 
were privileged to visit their center for tlie rehabilitation of noncommissioned 
officers at Hoylake near Liverpool. Patients arc sent there as soon as it is felt 
that benefit will result from rehabilitation treatment. If their condition is such 
that they will be unable to resume flying, they arc prepared, if possible, for ground 
duty. All who are sent there are judged able eventually to resume duty in one ot 
these categories. 

The Air Force occupied a peculiarly privileged place in England at the tune 
of our visit. Of all the troops in England, they alone were in constant fighting 
contact with the enemy. Constant and successful efforts were made before and 
after the beginning of the war to build up a splendid morale peculiar to the service. 
Since their heroic work in the battle of Britain, nothing has been too good for them. 
They eat the best food obtainable in Britain and are granted more frequent short 
leaves than ground troops. They wear a distinctive uniform, and it is worn with 
a sense of pride. When they are injured, the problem of rehabilitation is both 
physical and psychologic. The most frequent injuries are burns and fractures, 
while the mental stress at the time of injury is frequently severe. Some of these 
boys had drifted in the water for from hours to days with severe injuries before 
being rescued. Others had received compound fractures from wounds received 
over France or Germany. In addition there were the usual training injuries- of a 
large air force concentrated in a small island. In O.vford County alone there was 


one crash every twenty-four hours. 

At Hoylake all the men were given the unusual privilege of sleeping until 7: 30 
in the morning. The program began at 10 a. m. and continued until 5 p. m., with 
an hour out for luncheon. Each man was assigned to a group, and the activities 
of the group changed every hour. These activities, for the most part, consisted o 
games which were fun to play and would cause the man to forget himself for the 
moment. Each group, of course, was graded according to the stage of recover}. 
Thus treatment of a man was begun as soon as he was able to wear a walking cast 
ana consisted of squad drill, volley ball, sawing wood and physical theiap}- 
Walking was made possible by fastening a rubber or felt square to the under heel 
of the cast. No walking irons were permitted, and I found that all medical officers 
were firmly of the opinion that walking irons contribute to the formation of a 
habitual limp, difficult to eradicate and persisting for a long time. Drill was iu 
charge of physical training sergeants, who taught the men at the start to do heel 
and toe walking. Two separate hours a day were given to this activity. 

Those who were capable of advanced training played tennis and volley ball- 
ran races and played a wonderful and strange combination of basket ball and rugh}' 
football which had been invented for boy scouts by the King. The field ^as 
about half the size of a football field. The ball could be advanced by passing- 
kicking or running. Goals were made by putting the ball in the basket. For 
purposes of safety, body tackling was eliminated in favor of touch tackling. _ 

In addition to taking part in these and other games, each man spent a ^ m 
hour with a physical therapeutist, during rvhich baking and diathermy were given 
in addition to active local stretching exercises. But. of all that we saw, the mos 
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T he nvuliiplicity ni f.ictc.r,', cnvircirmcntn! cc hercditrir}'. which might 

prrifhice thi< ahcratiori are coii'aierc!. Xo clami ii mnoc ior causal connection, 
f’o5?ib!e points for experimental attack arc (hscu.-sed. 

Its inaccessibilit V has gained tor gastric cancer a certain clemenL Ol m} 2 cer} 
'vhich lias tended to set it apart from other forms of neoplasia. \et when the 
-‘■everely aJtcred structural background out of which gastric cancer arises is under- 
stood it is apparent tha.t its origin is not particularly different from that of oJter 
carcinomas, for insta.nce cutaneous cancer arising in the dermis after chiOtiic injury^ 
by roentgen ra\’s. The stomach docs not offer ideal conditions for the stud} of 
the formal genesis of carcinoma, the mechanism of its origin from the nonnal cells, 
so experimental work should be directed at determining the many environmental 
lactors which are thought to be involved in its causal genesis. The inciting factors 
"'hich lead to development of malignant neoplasms may at present be partial!} 
ferreted out. so as to be correlated with the actual occurrence of the carcinoma. 
Among such factors are gastric mucosal changes known to be associated wdtlr or 
to exist prior to malignant lesions, and enrironmental agents. By sorting out 
existing knowledge, sound deductions capable of experimental proof may be 
secured. 

A comparison may be made of the results obtained from experiment^ 
surgery of the stomach and those obtained from the experimental attack on gastric 
cancer. The problem of cancer of the stomach and its many assodated problems 
have been better solved because the solution stemmed from experimental surgery- . 
The concept of human gastric surgery* of the whole Billrothian era wns based on 
resections which had been performed on animals. In comparison with the surgical 
approach to therapy, experimentation to determine fundamental causation and 
pathogenesis has been unsuccessful. The failures are here comparable to, if not 
greater than, those met with in direct study of the human disease. The results 
have been well nigh consistently negative and at times so confusing as to make 
them tenuous beyond value. The experimenter on animals has been restricted 
from the start because of the rarity of spontaneous adenocarcinoma of the stomach 

From the National Cancer Institute, National Institute of Health, United States Public 
Health Service. 
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in laboratory animals/ although an adenomatous lesion of common occurrence in 
one strain of mice has been described.- In early studies on jmoduction of gastric 
cancer in which a parasitic nematode was used = it was found later that the animals 
had been kept on an incomplete diet. This, of course, invalidated the theory that 
the parasite was necessarily the inciting agent.* The interpretation of the obsen^ed 
lesions was difficult. For instance a squamous metaplasia found in the lung was 
mistakenly described as metastatic carcinoma.® Soon after their discovery the 
carcinogens were used in feeding experiments. These experiments, after some 
mistrials, led to development of squamous cell carcinoma of the forestomach ® 
(a nonglandular portion lined with squamous epithelium) in smaller laboratory 
rodents. This lesion is comparable to carcinoma of the esophagus in man. Cogni- 
zance of the pessimistic outlook for experimental work coupled with a continued 
high mortality from gastric cancer caused the National Advisory Cancer Council 
to call a conference on gastric cancer, which was held on Oct. 11 and 12, 1940.' 
This conference brought together experts in the man)’^ specialties which can now 
be utilized in solving the problem. Here was proposed the first extensive con- 
certed effort toward both a clinical and an experimental attack on the problem, 
indeed a much needed key, A historical review on experimental gastric cancer 
was published in the same symposium.® 


EXPERIMENTAL APPROACH 

Since the major problem of gastric cancer for the time being is its causation, 
the experimental data must perforce be those most applicable to the manifesta- 
tions of the human disease. The relative importance of the association of gastric 
cancer with chronic gastritis, ulcer and environmental factors must be determined. 
It is pertinent to ask what further gain may be expected from animal experi- 
mentation. The question has been answered by pointing out that investigators 
expect to acquire new physiologic knowledge and subsequent understanding of 
pathologic processes.® In addition, well defined conditions make it possible to 
understand and control the agents, and to supply the unknown links, with the 
idea of instituting preventive measures. In order to test experimentally the obser- 
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at'.u I;..'.', rnV <!( :ii;.-i:..Mo a ytoh.nnrd cjiionic omr.-e jirior to their inanife.'t 

canctr ti-.a.'-r. Ktdnc',; f-nietionv oi-cnr in tlirvc conditions, and .co it is com- 
it‘;r-.;-.!y v.ithi caincr of the rton'.-acli. i.tncili <•: time is the impressive tliini^. L- 
‘tm.e r.cce^^ary in order to allow cvirin^ic factors to act? It is not proved. 
I’ttt ;r.ay he t'f.at rarin;: tin- e--ential element. If time rather than jihysiologic 

acm;:!; fv ,,f j, o;i eriments which rim a year or so would he of use. 
However, at le.ast in man. it "onld app-ar that aeine is of primary import. Prob- 
ably the most common error has been that of jH-rfonnintr c.xpcrimcnts of relatively 
■d’.on duration. Clinical re; orts on ea-tric cancer stress repeatedly the length 
‘■’1 time the jircconditioiis must exi.-t.’" a train of events thought to run through 
^ period of twenty wars or more. It is suggestive, too. that the average age- 
i-pecilic mortaliiv rate for gastric cancer is. as for other forms of gastrointestinal 
cancer, progressive with ai:e.“ .Among white [lersons the mean age at time of 
death from this disease is o5 years ’’ and the ina.siimim number of deaths in any 
cne ten year age period occurs between tlic ages of 65 and 74.'- Previously the 
peak was in an earlier age period. If c.xperiments are to be significant, they 
must lie based on tlic statistically important series of ctiologic events 'vhich occur 
during the aging of the gastric mucosa. These arc believed to be largely extrinsic 
m nature.'^ To have an ctiologic significance, the events must occur in the series 
frequently enough to he beyond tlic realm of chance. It is at this precise point 
that the histogcnic basis is useful, to place the sequence of events in a reasonable 
time relationship and to make certain that there is a true association bet'veen 
t'vo events. An instance of not using this type of reasoning is the attempt to 
produce gastric cancer on the basis of acute ulcer. All kmo'vn carcinogens, even 
tbe most potent, are known to bring about primary- damage of tissues in the intact 
body by a process involving time and followed by a long induction period. An 
animal such as the monkey or dog, whose life span and whose anatomic functions 
some extent approximate those of man, should be used, so that all elements 
may be allo'ved a sufficient time for action. In addition, its complex nature makes 
one recognize the multiplicity of factors which may contribute to the development 
^|^_g ^tric c ancer; -it is not believed to arise from a single condition. 

10. Hurst, A. F.: Cancer of the Alimentary Canal, Lancet 1:553-558, 1939. 

, 11- Cancer Mortality in the United States: IV. -Age Variation in Mortality from Cancer 
1941 Sites, 1930-1932, Public Health Bulletin 275, United States Public Health Service, 

12. Vital Statistics of the United States, 1939: I. Nataliw and Mortalitj- Data for the 
^pited States Tabulated by Place of Occurrence with Supplemental Tables for Hawaii, Puerto 
TO??’ Virgin Islands, United States Department of Commerce, Bureau of the Census, 

'^11. P. 153. 

SR.\n’ ^^'■I’ert, W. E., and Bruske, J. S. : Etiologj- of Cancer of Stomach, Guy’s Hosp. Rep. 

0:301-308, 1936. Lintott, G. A. M. : Etiologi' of Cancer of Stomach: Factors Involved in 
Incidence in Different Classes and Different Countries, ibid. 86:293-300, 1936. 

V’^oglom, W. H. : Experimental Tar Cancer, Arch. Path. 2:533-576 (Oct.); 709-752 
(Rov.) 1926. 
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COMPARISON OF HUMAN GASTRIC STRUCTURE AND FUNCTION WITH 
THOSE OF OTHER SPECIES; MILIEU OF GASTRIC MUCOSA; 

NORMAL REGROWTH FOLLOIVING TRAUMA 

intermediate 
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Sth anc^^s P^^^tica! animals to work 
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days. How healinp- nf healing may take place in a period of ten 
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_ ® ' d It IS from these that the characteristic chief 

Reference to *the 6rang-uS^ pTo7*^a 7^ Viscera of Primates with Special 

of Histology, Philadelphia, W b' Siima '•^'’‘-. 76:1-85,1936. Maximow, A. A.: Textbook 
Anatomy of Tarsius Spectrum ' Proc 7 ooI q 1931, p. 512. WoIIard, H. H.: The 

16, (n) Sisson, S., and Gr’ossman T D Th 1071-1184. 

dclplna, \\ , B. Saunders Companv igkl ri\ .r . -^a^lomy of the Domestic Animals, Phila- 
of the Cat. New York, Henrv Holt X fn7„ ^%ghard, J. £., and Jennings, H. S.: Dissection 
^fucosa Quart. J. Micr. Sc.'eG-TsV-Oi?^!^''’ Li™, R K S.: The Gastne 
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^ork, Paul B. Hoeber, Inc., 193^ vol 1 ’ ^^\GowdTy, E. V.: Special Cytologi', 

•’-,^ol. 1. (c) Nettleship, A.: Guinea Pig and Cat, unpublished 

17. Stewart, II., and Lorenz E • T ,1 • 

Mice by ^fcthykholanthrcnc (Pr'climi’mrv ■r 7'‘’77^ of Pyloric Stomach i 

18. CarBon, A. J. : („) The Conditfon dancer Inst. 2:193-196, 1941. . 

Cats and Dogs, Am. J. Physiol. 30:309-340 Tract in Parathyroid Tefan.r ’■ 

Health and Disease, Physiol. Rev. 3:1-40 lo?? -1913; (t) yhe Secretion of Gastric Juice n 

^ - • I'*c'rpiJ5C’n, A ^ • \ CT t* 1 * * 

IV.!!,,.v.ing I'-xk:rimenta{‘RTOiova77'T,!.J‘“7^' Regeneration of the Gastric Gian* 
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'■'ttionia in .vitn.-- Then there i? a y-naip »»t conrlitions which may result in 
‘'’a!i.enaiu chan^^es. or which are mo^t commonly associated with gastric cancer. 
. As to ])olyi), Horrmann=‘ asnl others have given adetiiialc descriptions of what 
's now generally recognised as J'olyp with malignant transformation.^ One no 
■onger quc.stions’ the nialignant potentialities of this lesion. Carcinoma in situ, or 
preinvasive carcinoma, has hecn descrihed from well authenticated cases by iMal- 
‘00’.” and previouslv by others. The validity of their classification must not be 
jioubted bcciuse of discovery of an in situ lesion in a new site. Carcinoma in situ may 
accepted as the earliest discernible morphologic form, the development of similar 
^^alignani lesions having been worked out in other organs (Schiller and 
coders**). 'Phe prolonged time which may elapse before any form of carci- 
noma in situ becomes franklv invasive has been stressed by all authors who have 
"ritten about it. 

A number of clinicopathologic studies substantiate the belief that there are 
Precancerous lesions of the gastric mucosa which may become malignant, such 
as chronic gastritis, with or without achlorhydria and with or without pernicious 
^eniia, and chronic ulcer. Of the two conditions chronic atrophic gastritis is 
™ost commonly found associated with cancer as described in classic papers by 
^onjetzny.== He has been well backed by Orator,='= Stewart- and others.- 


20- Popoff, N. \V.; Pathology- of the Stomach. Arch. Path. 31:220-267 (Feb.) 1941. 
pj- * Pt)rrmann, R. ; Geschwulste dcs J^Iagens und Duodenum, in Henke, F., and Lubarsch, O. . 

der speziellen pathologischen Anatomic und Histologie, Berlin, Julius Springer, 

“oo P‘- h PP. 812-1054. . ^ 

of m',. allorj-, T. B.: Carcinoma in Situ of the Stomach and Its Bearing on the Histogenesis 
-\lahgnant Ulcers, Arch. Path. 30:348-362 (July) 1940. 

2?, 1532 Diagnosis of Carcinoma of Cervix,. Surg., Gynec. & ObsL 56:210- 

T A'*\®''°<^ers, A. C.; Carcinoma in Situ Contrasted with Benign Penetrating Epithelium, 
99:1670-1674 (Nov. 12) 1932. 

Konjetzny, G. E.; (a) Der Magenkrebs, Stuttgart, F. Enke, 1938; (6) Der ober- 

A Schleimhautkrebs des Magens, Chirurg 12:192-202, 1940; (c) Bemerkungen zu dem 

de<! vr Haring, “Welche Bedeutung besitzt die chronische Gastritis fur die Entstehung 

,5®Senk-rebses?” Med. Klin. 35:1456-1458, 1939. 

- 0 . Orator, V. : Beitra«Ae zur Magenpathologie : II. Zur Pathologic und Genese des 
^■cinoms und Ulcuscarcinoms des Iklagens, Virchows Arch. f. path. Anat. 256:202-229, 1925. 
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Although chronic gastritis is a broad entity, its cliief manifestations are heavy 
infiltration of chronic inflammatory cells into the mucosa and submucosa, atrophy 
and loss of glands and/or hyperplasia of glandular epithelium with cyst formation, 
and an increase in fibrous connective tissue in the two inner coats. All of these 
elements may vary except the atrophy and loss of glands. This is constant. Along 
with this and of more or less regular occurrence is achlorhydria. Although there 
are claims that there are no cases of carcinoma of the stomach in which free 
hydrochloric acid is present in the early stages of the disease and disappears in 
the later stages, this view is contradicted. Walters found that approximately 
one third of his patients with carcinomatous lesions of the stomach had symptoms 
characteristic of ulcer. It may be said that achlorhydria is the rule, except 
with growths which arise on the basis of chronic ulcer. Perhaps the hypoacidity 
of age is important. Popoff pointed out that it is uncommon to find normal 
production of acid in a person over the age of 35 and that 40 per cent of all 
persons over 50 have a diminution of acid. Pie expressed the opinion that the 
progressive senile atrophy of the functional mucosa which develops with advancing 
age may be related definitely to gastric hypofunction and anacidity. All deviations 
due to aging tend toward a decrease in pepsin and hydrochloric acid. Is this a pre- 
conditioning factor? The usual topographic placement of adenocarcinoma in the 
stomach suggests secondary factors yet unknown. Although there have been 
extended studies directed at the production of pernicious anemia by means of 
various gastric resections,®® there have been few attempts at induction of atrophic 
gastritis in animals. A spontaneous lesion strikingly similar to that in man has 
been observed in monkeys.®^ Chronic atrophic gastritis may not be tpo rare a 
lesion in older animals of other species. 

The microscopic studies on chronic gastritis associated with carcinoma have 
not been done with the idea of comparing the lesion with the atrophic gastritis 
of pernicious anemia.®® The lesions appear to be similar ; however, Magnus pointed 
out differences.®^ It is held that the atrophic gastritis which accompanies pernicious 
anemia must destroy a large number of argentaffine cells before pernicious anemia 
is manifest.®® It is not surprising that carcinoma may occur with pernicious anemia. 
Because more extensive studies have been made on this type of gastritis, it has 
been possible to learn a great deal about the ability of the gastric mucosa to regen- 


27. Stewart, M. J. : Observations on the Relation of Malignant Disease to Benign Tumors 
of the Intestinal Tract, Brit. M. J. 2:567-569, 1929. 

28. Hurst, A. F. : Precursors of Carcinoma of the Stomach, Lancet 2:1023-1028, 
Faber, K. H.: Gastritis and Its Consequences, New York, Oxford University Press, 1933- 
Schindler, R., and Smith, W. H. : Anacidity and Gastritis Associated with Gastric Carcinoma, 
.-\m. J. Digest. Dis. 9:340-342, 1942. 

_ 29. Walters, W.; Malignant Lesions of the Stomach, J. A. M. A. 117:1675-1679 (Nov. 
15) 1941. 

30. Jones, C. M. ; Benedict, E. B., and Hampton, A. O. ; Variations in Gastric Mucosa m 
Anemia: Gastroscopic, Surgical and Roentgenologic Observations, Am. J. 
190:o96-G10, 1935. 

ol. Fairbrother, R. W., and Hurst, E. W. : Spontaneous Disease Observed in Six Hundred 
Monkeys, J. Path. & Bact. 35:867-873, 1932. 

Unglcy, C. C. : Gastric Lesion in Pernicious Anemia, Lancet 1:^20 

421. 1938. Konjetzny.^s 

33. Haring, W : Gutartige Magcngeschwulstc bei pernizioser Anamie, Miinclien. nied- 
Ucunschr. 8o:L-.44, 1938 Brown, M. R.: The Pathologv of the Gastrointestinal Tract >< 
Pernicious Anemia and Subacute Combined Degeneration of the Spinal Cord, New England' 
J. Mt(L 210:473-4/7, 1934, 

34. Magnus H A. ; Investigation of the Pathologv of Gastritis with Reference to a 
Precanceroiic Ccndition oi the Mucosa, St. Barth. Hosp. Rep. 70:314-317, 1937. 

ig. laco!,=en. W .; Hie Argcntaffme Cells and Pernicious Anemia, J. Path. & Bact. 
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Ihc early literature re] nrtv that tmicli tune was tievoted to studying tlic 
htterotoi>ic itite^tiuai imtccivnl glands which occur conimonly in the gastric wall. 
-Now it ip helieved tliat most of .■^ucii .almorma! .structures arc hrouglit about by 
^ ’uetajilasia of th.e gastric glands re'ulting from faulty regeneration and that 
‘Clatively itw carcinomas ari.se from true heterotopia.'* 

Crucial e.\i>eriments are needed to e.'tahlish the positive relationship between 
Ihe conditions most commonlv associated with gastric cancer and the cancer itself. 

may be possible to reproduce thc.se conditions by arranging c.xperimentally the 
environmental factors thongbt to produce them. Those supposed environmental 
agents have served as a framework for the majority of experiments on gastric 
enneer which have heretofore been done. 


EX'VIRONMENT.\L .AND IN’TKIXSIC FACTORS WHICH 
AFFECT THE MUCOSA 

The great majoritv of investigations on experimental gastric cancer are based 
on the use of agents thought to produce the disease. The clinical studies are to 
elucidate d by experimental studies. 

^ Schindler, R.. and Serbv, A. Gastroscopic Observations in Pernicious Anemia, 

Ve - i" 63:334-355 (Feb.) 1939. Faber, K., and Bloch, C: Ueber die pathologischen 
randerungen an Digestionstractus be! dec perniciosen Anamie, und fiber die sogenannte 
Ztschr. f. klin. Med. 40:98, 1900. Wallgren, I.: Ueber die ^''eranderungen 
““'^"shanal bei der perniziosen Anamie, Arb. a. d. path. Inst. d. Univ. Helsingfors 

T B. P., and MacCartv, W. C.; Incidence of Malignancy in Prepyloric Ulcers, 

^20:733-735 (Nov. 7), '1942. 

Pro“' Wolfer, J. A.: Chronic Ulcerations in the Dog’s Stomach Produced by X-Ray, 
CinA Biol. & Med. 23:45-47, 1925. (l>) Churchill, T. P., and van Wagoner, F. H. : 

Gas^- ibid. 28:581-582, 1931. (c) I\t. A. C. and Shapiro, P. F.: Studies on 

'^'=er: HI. The Experimental Production of Gastric Ulcer by Local Allergy; Pre- 
Stnith%^^^°''‘’ J- A. 85:1131 (Oct. 10) 1935. (ti) Dodds, E. C; Noble, R. L., and 

919 ihLi' Gastric Lesion Produced bv an Extract of the Pituitary Gland, Lancet 2:918- 

Contr 1 ■' Dodds, E. C.; Cutting, W. C.; Noble, R. L., and Williams, P. C.: Pituitarj- 
1937 Alimentarv Blood Flow and Secretion, Proc. Roy Soc., London, s.B 123:27-59, 
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Heredity . — Does the heredilar}' factor work through tlic failure of gastric secre- 
tion? The tendenc}^ to achjdia gastrica which accompanies age may certainly be 
more strongly pronounced in certain families than in others. In cases in which 
the added gra\dty of pernicious anemia has caused the patient to seek medical 
attention such familial traits have been discovered."” The most common finding 
has been the occurrence of 2 or more cases in the same family. None of these 
studies has ruled out what might be termed the “family eating complex.” Every 
family has unwritten but no less established rules which govern its eating habits. 
These may be an uncontrollable factor in studies of hereditary traits. It is not 
clear whether the hereditary transmission of gastric pol^’p is similar to that of 
polyp of the large intestine. If so, it may be said to be inherited.'® Experi- 
mentally it has not been practical to attack this aspect, simply because no strain 
of animal studied has a sufficient incidence of either polyposis or carcinoma. An 
adenomatous lesion in the I strain of mice has been reported. - 

Endocrine Glands . — Changes due to abnormality of the endocrine glands would 
be expected to be functional in character. Hyperthyroidism causes either hypo- 
chlorhydria or achlorhydria.-® Injections of solution of posterior pituitary produce 
ulceration of the gastric mucosa.®®*^ This lesion in rabbits is intense engorgement 
and hemorrhage of the mucosa followed by acute necrosis of the entire acid-bearing 
area of the mucosa, with complete regeneration in about ten days. In a certain 
percentage of cases a chronic punched-out ulcer appears. This effect may be impor- 
tant in the genesis of ulcer. Schiffrin has shown by experiments on dogs that an 
injection of parathyroid extract produces a decrease in the volume and acidity of 
the gastric contents. 

N eiirojunctianal Factors . — The classic case of Cushing launched many experi- 
ments on the effect of the midbrain on the stomach. The most extensive lesions 
obtained by destruction of the tuber nuclei are superficial erosions.'*® 

Secretory Studies . — From the experimental standpoint what is there to explain 
the functional achlorhydria of gastric cancer? Achlorhydria can occur without 
morphologic evidence.®® Brunschwig was able to demonstrate a secretor}' depres- 
sant in the gastric juice of patients with pernicious anemia and carried the work 
further to show a potent depressant in the extracts of achlorhydric carcinomatous 
stomachs.** The need for a quantitative method to study this substance is sug- 
gested. Ivy’s quantitative enterogastrone method might be applied. Entero- 


39. Wilkinson, J. F., and Brockbank, W. : Importance of Familial Achlorhydria in Etiolog} 
of Pernicious Anemia, Quart. J. Med. 24:219-238, 1931. 

40. Dukes, C. : Hereditary Factor in Polyposis Intestini, or Multiple Adeno.mata, Cancer 
Rev. 5:241-256, 1930. 




41. Schiffrin, M. J. ; Relationship Between the Parathyroid and Gastric Glands - 
Am. J. Physiol. 135:660-669, 1942. 

42. Watts, J. W., and Fulton, J. F. : The Effect of Lesions of the Hypothalamus upmi the 

Gastrointestinal Tract and Heart in Monkeys, Ann. Surg. 101:363-372, 1935. Hoff, L- t--’ 
and Sheehan, O. : Experimental Gastric Erosions Following Hypothalamic Lesions in Honeys- 
/ m. J. Path. ll:/89-802, 1935. Keller, A. D.; Ulceration in the Digestive Tract , 

Following Intracranial Procedures: Preliminary Study, Arch Path 21:127-164 (Feb.) I 9 >t 0 . 

43. Brunschwig, A.; van Prohaska, J.; Clarke, T. H., and Kandel, E. V.; A Secretory 
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time 

■come malignant. In 

.o. partial inanition were 

lound to be of yre.-ner 'im’pnri’ancr th.aVlo.^ ofanv one imlivirlnal dietary substance. 
-'^IKirficial nlcer.< nerc al^. <,],,M-rve.i .luring la.-tiug and iiartial inanition. Xo 
i.gnant le-ionv were fomi.l. .A numlier of oinervers Iiavc pointed out the 
pfodiictifjji of ulcers <in a protein deliciency Itasis.-''' Tlie most important stud\ 
was done liy Weecli and raige.'- wlio produced typical ulcers m the 

G '56. Ko..aV:n. T.. .and I.,',,,. R. K. : D.-mnn<imti..n of the Il.micr.il .-Vgent in Fat Inhibition of 

jT n hX-IH-T. Biol. At Mci. 27:S90-S91. 19a0. , , „ , 

cep./: Q«wley. J. p. ; KmeroKnstrono-Signific.ant Steps in Development of the Present Con- 
4S r'^?' J- Dis. S:ort3o04, 19-tl. 

T ^".‘^■'^"’>1". -M. H. F.. .and Sandweiss, D. J. : The Gastric Secretory Depressant in Lnne. 

M. Digest. Dis. 8:o0d-37I, 19-11. . 

PhvAi I Calcium in Gastric -Mucus and Regulation of Gastric Acidity, Am. J. 

‘iMiol 135 : 496 - 503 , 1942 . , . . - 

the C. O., and Krueger, L.: Changes in tlie Secretory Activity ot 

-Wa n Resulting from the Application of Acetic Acid Solutions to the Gastric 

SI. Eo^nre'r f-Ianz H.'-''Klerkf Posthuma, J. H.; Radsma, W., and Tjokro- 

Diff’e^enf'T^’’ ^^orphology of Stomach and ’Gastric Secretion in Malays and Chinese and 
1938 S Incidence of Gastric Ulcer Caneer in These Races, Am. J. Cancer 33._6a--/9, 

5- Footnote 13. 

Surg"* '^V.: A Contribution to the Etiology of Cancer of the Esophagus and Stomach. 

I9lf SiS, c?^4hfptod?cti^^^^ Ulcers of the Stomach in the Rat, Lancet 2:279-281. 

A. if., and Larimore, L. D.: The Occurrence of^Gastne Lesions m Rats, 
53 Rpssible Relation to Dietary Deficiencj-, T. E.xper. Med. 40;/19-/3-, 19-4. 

FasuV H- P-. and Lippincott, S. W-: Production of Gastric Lesions in Rat. b. 

2:4sg^’.?®rt'a^l Inanition, and Deficiency of Certain Dietary ConsUtuents, J. Kat. Cancer I . . 

and DaCosta, E.: Production of Peptic Ulcers in Rats and Mice by Diet. 
57 Protein, Am. L Digest. Dis. & Nutrition 4:325-331, 19o/. -d -i - -i 

on Lovv'p®'^^' and Paige, B. H.: Nutritional Edema in Dog: eg 

1937 I^ootein Diet That Leads to Hvpoproteinemia and Edema. Am. T. Path. 13-49-— 6. 
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gastric mucosa of dogs. There are also the many studies of Roffo , tl ese^a^^ 
extremely difficult to evaluate. By various experiments m which he fc 
cholesterol he produced widespread changes m the glandular j jg 

the lesions showed dilated and atypical glands growing down ° 

There were no metastases, and none of the growths went tlirough th ^owe^ 
Specific vitamin deficiencies have been tested. The views of Wolbach and Hove 
are in conflict with those of Howes and Vivier-; the Matter believed hat ffie 
bringing on of secondary deficiencies produced the lesion. i-„ 

produced the less common glandular lesions, but so far they have ee . 

nant. Functionally, a histamine-fast achlorhydria on a basis of thiamin 
has been shown to occur along with a macroc}'tic anemia in some pa ^en s 

In discussing the many dietary experiments and the explanations v i p„i|y 
be derived therefrom, the element of how irreparable the lesions pro 
are is of first importance. If the mucosal changes will revert to rever- 

resumption of a complete diet they cannot be considered malignant. / i 
sion was the common finding in most experiments. Yet the , j jf 

which have been produced in the glandular stomach must not be over o ^ 

they can be maintained through many years by the technic of P^Hia 
condition more closely approaching the human deficiency state wou e app 
The time is now at hand when it would be profitable to use tie ,• {or 

ments which produce glandular mucosal lesions and to keep the anima s ^jjow 
a long period by intermittent feedings continued for too short a ime 
the mucosa to recover. . 

Alcohol. — The role of chronic alcoholism in the production of chronic ^ 

is still a matter of speculation. Berry has shown that attempts o p 
chronic alcoholic gastritis have had inconclusive results. ^ A well con ro 
vation was made by Hirscli, who demonstrated petechiae in the mucos .j, 

true inflammatory cell infiltration. Gray and Schindler’s observations o 
alcoholic addicts point up those of Berry. They showed that abou on 
the subjects had no important gastric changes. In the remaindei 
were superficial gastritis and atrophic gastritis or a combination of t le w • 
and Schindler could show no correlation between the amount of be 

and the extent of the gastritis. According to these observations^ it s 
possible to produce experimental chronic inflammatory changes m e ^jetary 
mucosa. If such experiments are performed, the importance of accessory 
factors should not again be underestimated. . 

Bacteria, Bacterial Products, Viruses, Allergy. — Cramer®^ did as nearl3^s 
dietary" experiments as possible a number of years apart. In one instance 

SS. Roffo, A. H. : (a) Bildung von Geschwiiren und bosartigen Geschwiilste j^r^gjjsforsch- 
appar.it durch Einfiihrung von Nahrung mit bestrahiten Cholesterin, Ztschr. i. . ^ por 

47:t73-497, 1938; {b) Produccion de ulceras y tumores malignos en el aparato gjtud. 5' 
la ingestion dc alimentos con colesterina irradiada, Bol. Inst, de med. exper. par 
trat. d. c.incer 14:589-655, 1937. f Gastd® 

59. Howes, E. L., and Vivier, P. J. ; The Relation of Diet to the Occurrenc 

Lesions in the Rat, .A.m, J. Path. 12:689-700, 1936. . Tliianii”® 

60. Williams. R. D. ; Mason, H. L.; Smith, B. F., and Wilder, R. M.: 69:721-7^8 

(Vitamin Bi) Deficiency and Thiamine Requirement of Man, Arch. Int. Men. 

(May) 19-12. _ GastroscoP'® 

61. Berry, L. H. : Chronic Alcoholic Gastritis: Evaluation of the Concept 'vtt 

Studies in One Hundred Cases, J. A. M. A. 117:2233-2236 (Dec. 27) 1941. Addicts: S 

6‘2. Gray, S-, and Schindler, R. ; The Gastric Mucosa of Chronic Alcoho tc 
Gastroscopic Study, J. A. M. A. 117:1005-1011 (Sept. 20) 1941. • „ on 

to. Cmmer, W.: Papillomatosis in the Forcstomach of the Rat and Its 
Work of Fibiper, .•\m. J. Cancer 31:537-555, 1937. 
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Xj-,.,. ' ^ ^t:i'j(vt wa'- ihi'r<>;;;;iily rt vitovi-fl nj) to in' Klein aiifi rainier." 

.V at tliat time that there liaii I>een no well delinefi adenocarcinomas 

2nd''] Pn^'diiced in' tile a]>]>!ication of carcinf.>,i,'en.<. Since then Stewart 

' 5’2ve rejmrtcd tint hy direct injection of a iiowerfni carcinogei; 

of ”'^’‘'*,'‘J^'bo!anthrene ) afienocarcinonia.< of the ttlanchilar stomach 

consM^ ' prodneed ( lie;. I i. I'nti! tin's hatl Iieen accomplislicd. tliere was 

^‘faille donhi as to wlietlier or not cancer of llie stomacli could he produced 

pro 1 lower specie.*. Wiiilc tlie numiicrs in wliicli neoplasms were 

sdeno'”^'^ ftreat ( .'^tewart .'ind Lorenz'"'' found 44 adenomas and S 

^ enout;li to suggest tliat tiie metliod may be 

— '^2j1c t o larger animals, 'j'lie control series did not show any spontaneous 

Tub»rp^j "'■ Tuhcrciilofi.i! of the Stomach, with Report of a Case of Multiple 

65. Ei,« Surjr.. Gynec. & Ob.*t. 25:490-501. 1917. 

J- A \r A • Gastric Svphilis: Observations Based on Kinety-Three Cases. 

66. Thom (Tan. 17) 1931'. 

61:377.43-’ i'o 9 '- Ettidcs .^ur I'achylic ncurcgcnc ct cclhiiairc, Acta med. Scandinav. 
1934. (6) Clinical and Experimental Studies of Gastric Juice, ibid. 82:311-328. 

Beitr z natlf’ ? ’ ^^^cr cxperimcntelle erosive (peplische) Gastritis durch Diphtheriotoxin. 

68. Hart ■ 95:391-402, 1935. . . . 

Endigestpri I. ; Livingston, S., and Walzer, M. : Studies in Absorption ot 

27:54.5g 194 j°^*^*”‘ -"^hsorption from the Stomach and Esophagus, J. Lab. &: Clin. Med. 

69. ,.\p fti "v • . 

wiam- previ ^ beginning of the discussion of this subject it is necessary to take note that, 
even earlv ®^Perimenters probably produced squamous carcinoma of the forestomach and 
enougjj *2 ^ ^’jocarcinoma of the glandular portion. However, their reports were not clear 
admitting sbhsh this absolutely and caused a deal of discussion about the criteria for 
®eein reason ?^'^Ticular experimental lesion to the ranks of a true adenocarcinoma. It would 
Certain othe^ ^ enough to accept the criteria tliat are usually used in human pathology and 
jrreversibi];/.* 'l^^Tul in experimental work. These are given bi' Klein and Palmer^ as the 
Initiating of the neoplastic properties of a lesion, in the absence of the extrinsic tactor 
Procedure trf ^^Tar change, and eiddence to indicate a causal relation of the expenmenta 
of gastric c Tn^°ouce the tumor. According to Mallory,-- it looks as if the ci tologic dia^osis 
npply this bo made at an extremely early stage, and an attempt should be made o 

relatively " 0}-tologic picture to experimental work. Adenocarcinoma of the stoma is a 
’nllowing growing neoplasm; and once the lesion is recognized, time for it to progress 
r^Pmination ' ^^P^nimental procedure will be allowed. If necessary, biopsy or gasfroscopi 
follow thp ^nfher than the usual autopsy' should be performed on experimental amma s 

70. St of the disease. 

TTpstric T-'i nnd Lorenz, E. : Adenocarcinoma of the Pyloric Stomach and tier 

T89. 1942 ^ 2^tns Induced in Mice by Carcinogenic Hydrocarbons, J. Nat. Cancer Ins . 
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H! i ic ^tnnlac!] iiy tiu' iim- m mk'Ii known fnvir<inincinal carcinogens would be 
spp ica )le to our reasoning on the causation of gastric cancer in man. On tlie other 
n<.n . once an adenocarcinoma is so produced it jwovides tlie usual po.s.sii)iIities for 
transplantation stiulies. 


I : X I’ r. m M I ; N T,\ i. .\ i- r i: o ,\ c ii i;.< 

I looped at the outset of this analysis that perhaj^s some new aspects might 

-T, >'ccined for use in the e.\i)erimental si.'Iution of the problem of human gastric 
^<-tiCer. 1 be considerations that have been discussed were essential to arriving at 
'■ sound background for a stnd\‘ of cau.sal genesis. 

standpoint of its occurrence in the human disease, it must be experi- 
te.ita pro\ed whether chronic gastritis is actually a jirecursor. a cause or simpiv 
-'tate (fig. 2). It is realized that the question of this relationship 
' t ocicainly remains an open one. In reviewing the literature one cannot escape 
g nnpre>sed by the studies which jioint out a positive association between the 
^^'0 states. Lvidence opposing the idea might be just as fruitful, from the experi- 

then^^ afiirmative evidence. If the association is proved, it is 

'lecessary to think of why the neoplasm arises at a particular spot in a generally 
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Fig^ 2 Ca 1 • - 

E-xoeri genesis of cancer of the stomach. The secondarj' factors represent points 

earned attacks. Broken lines indicate that the relationship between the conditions 

cancer of the stomach is still unproved. 

tnucosa. This brings to mind that there may well be “secondarj^” factors 
completely unknown and unconsidered (fig. 2). These factors one must 
gaJrirr^ those of the environment which are a]read 3 - known. An atrophic 
hionkev unexplained gastric anaciditt’ have been discovered in 

tiiHn anacidit}' occurs with approximately the same frequency as in 

nijjjif ^ ?th conditions should be extensiveh- studied as to their causation, clinical 
ever possible connection with cancer. Old animals should be culled 

ainniaf ^hhtical and pathologic diagnosis of chronic atrophic gastritis. Gh'en 
thiiirf-it atrophic gastritis or a damaged mucosa, the environmental factors 

the Produce cancer in man should then be brought to bear. The problem 
for from chronic gastric ulcer to gastric cancer should be settled once 


in 


powerful 


J^t IS understood that the necessar}* environmental agents will be used 
concentration once the chronic ulcers are produced. 

LS" I'T. A. C. ; The Incidence and Permanence of Unexplained Gastric 
T. Disjpet Monkev After Histamine and Mecholvl, with Hematologic Studies, 

; Pollard rv ■ ^"“‘cition 4:429-432, 1937. - o 

*^aslric Tui ' 't Bloomfield. A. L. : Diagnostic Value of Determinations of Pep^m 

ce, j. Qi'n. Investigation 9:107-113, 1930. 
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The dietary studies which are yielding information should he continued as 
long time experiments. The much neglected bacterial and virus approach should 
be repeated or attempted with the modern methods now avaiial)le. The production 
of adenocai'cinoma by application of effective carcinogens offers real clinical aid 
to investigation of the early phases and progress of the disease. 

The experimentalist has generally remained unappreciative of the usefulness 
ot common laborator}'^ procedures which are widely available for study of the human 
disease ; biopsy, gastroscopy and determinations of free and combined hydrochloric 
acid, pepsin and rennin and enterogastrone. By their application one could follow 
more capably the experiment’s course and avoid the killing of the animals. Lim 
has worked on histogenic detail, and Ferguson has confirmed previous work on 
regrowth following acute trauma. There is dire need for similar studies after 
chronic trauma by use of dietary variables and addition of damaging agents. Tliere 
is always use for morphologic evidence correlating changes in the mucous mem- 
branes away from the site of a tumor with studies of the type of tumor and clinical 
studies. Taking multiple sections, even in questionable cases, may lead to fuller 
knowledge of the earlier phases. Fundamental anatomic and physiologic obser- 
vations on older animals are needed. If there is a true difference between the 
gastritis which accompanies cancer and that associated with pernicious anemia, the 
distinction should be worked out. 

SUMMARY 

The belief is coming to be accepted that long time factors are involved in the 
production of human gastric cancer, and it is assumed that these time factors will 
have to be duplicated experimentally. It is clear, too, that there is a better chance 
of producing gastric cancer with the environmental agents considered to be 
responsible in man if these agents are used to simulate those conditions of the 
gastric mucosa most commonly found associated with human gastric cancer, i. e., 
polyp, chronic gastritis and ulcer. Spontaneous achloidiydria and atrophic gastritis 
in monkeys are known, and polyps have been produced in rats by dietary deficiency. 
Morphologic and detailed functional data may now be secured without killing the 
animal. These ideas lend hope for a closer grasp of the causation of human 
gastric cancer. 


National Institute of Health. 
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and sentences, it appears tliat in sonic persons the inncoiis niemlirane of the 
stomach suffers a change whicli tends to increase the mucous cells of its glands 
at the expense of the chief and parietal cells (fig. I). The transformed glands 
tend to approximate the appearance of intestinal glands and in addition may show 
cellular irregularities. Such changes may be associated with thickening or thinning 
of the gastric mucosa, and inflammatory cells may vary in their mimher and kind 
or be absent. If thickening is exaggerated it may even be polypoid in nature. 
Except in extreme cases this change is not uniform throughout the stomach, but 
patchy. In this respect it resembles the patchy hyperplasia of mammary duct cells 
in the subclinical form of chronic cystic disease of the breast. Stomachs with 



Fig. 1. — Chronic gastritis. There has been a complete disappearance of chief and parietal 
cells with replacement by columnar cells of mucus-secreting type, so that the gastric mucosa 
here looks like intestinal mucosa (see figs. 2 and 8). 


cancers in them not infrequently show this type of mucous membrane, and there 
is some reason to believe that it may be regarded as a potential precancerous 
change. But I should like to testify that I have been unable to predict this micro- 
scopic change from the gastroscopic appearance or the postoperative gross aspect 
of the gastric mucosa. It has been pointed out that this type of mucous mem- 
brane is regularly found in pernicious anemia and that the gastric cancer rate in 
pernicious anemia is higher than its expectancy in the population. But too much 
importance should not be attached to this. There are 225 resected gastric cancers 
in the group discussed in this paper, and only 1 patient was known to have had 
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peniicious ancnii:i. As joiiiicr pointed out. the imiiortnnt lesion is tlie disappear- 
ance ot the duel and jjarietal cells and their replacement by mucous cells, uhich 
nia_\ ead either to pernicious anemia or to gastric carcinoma. If this is true one 
nee not he surprised to I'md both i>crnicious anemia and gastric carcinoma coin- 
ciding m the same indiviriual. 

It should he emphasized that it is really entirely unknown and unproved 
\\ lether or not there is a secpiential relationship between this so-called chronic 
gastntis with its glandular changes and gastric carcinoma. 


Till-; OXSET OF C.V.VCFK 

The great majority of gastric carcinomas are derived from the mucus-secreting 
cc s ot the mucosa. An insignificant number come from heterotopic pancreatic 
uct and intestinal mucous cells in the stomach, and a few carcinoids develop from 
le basigranular cells of the gastric mucosa. The pyloric end of the stomach is 
most trequently affected, and more tumors begin on the superior half of the 
s omacb than on the inferior, but no part is e.xempt. including the fundus and 
le cardia. 'Wdien cancer cells are grown from an e.xplant in vitro in a uniform 
me lum, they tend to spread from it in all directions at a relatively uniform 
^Peed. so that if nothing interferes a sphere is formed with the explant in the 
center. A\hen cancer grows from a focal point or points in the stomach, factors 
a out which little or nothing is known operate to inhibit the growth in some 
mections and favor it in others. Thus one finds some cancers projecting into 
te lumen while there is but little penetration into the wall, others penetrating 
cough the wall directly without projection and a third group in which growtli 
ciieny along the wall paralleling the surface. Some cancers are associated vdth 
eration from the start; in others it may come either as a late manifestation 
Cl still others ihay never ulcerate. The "formation of fibrous tissue is another 
naole which has an important effect on the appearance of the cancer, A detailed 
■ of the gross forms of cancer appears in a later section. Here it seems 

important to stress the variations in directional growth in different carcinomas 
to repeat the warning that one may look for cancers in stomachs m’th gastritis, 
peptic ulcer or adenomatous polyps. 


HISTOP.ATHOLOGY OF GASTRIC C.-VRCIXOilA 

the^*^ alreadi’ been stated that almost all gastric carcinomas are derived from 
cer ™*^^^®'^^^^^ting cells of the stomach. A\''hen these cells proliferate as can- 
cna\- produce relatively well formed tubules lined by columnar cells 
, P^salh' oriented nuclei, or the}' may appear as solitary rounded units, non- 
all ^”‘^®^i'^iitiated, without secretiona! activity and apparently expending 

cellular energ}- in reproduction (fig. 2). Between tliese tivo extremes all 
to exist. Functional activity may be on an orderly basis with mucus 

iij the luminal pole of a cell lining a cancer tubule and subsequently 
into the lumen of that tubule, or it may be atv'pical in either one of two 
ways. The mucus may be secreted in great quantities, so that the cells 
it may appear inundated by it, or othenvise undifferentiated rounded 
secrete mucin, which remains within the cell body distending it and 
Cell ^ nucleus against, the cell capsule, thus forming a so-called signet ring 

aberrations of growth are quite likely to appear in all of tlie hitherto 
^ 1 ed variations in different parts of the same tumor. It is quite rare to find 

"'hich is relatively well differentiated, so that it displays some secre- 
actirity in all of its ramifications, and equally rare to encounter a completely 
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uncHflcrciUirilcd ojic. Usvmlly the tumors vary in (liUcreiit parts. In my c.xpcriencc 
attempts to j)rc(lict the degree of malignancy, the rate of grou'tli and the probable 
success or failure of surgical treatment based on cellular differentiation alone are 
of very little value when applied to an individual case, although some small per- 
centage of difiercnce may ap[)ear ifi large groujis, testifying to the general truth 
of the principle that tumors comjioscd of cells which devote most of their ener- 
gies to reproductive activities arc apt to be faster growing and more rapidly 
invasive than those composed of cells which divide their time between reproduction 
and functional activities. 



Fig, 2. — Carcinoma of the stomach, superficial spreading type. The carcinofna 
destroyed and replaced all of the mucosa except a few deeply placed glands lined wi 
cells (see figs. 1 and 8). 


The microscope can best be employed in the study of gastric neoplasms 
for determining whether or not a lesion is- a carcinoma. If it is a caremoma 
direction and extent of the spread and the relation of tumor cells to b ooc 
lymphatic vessels and lymph nodes furnish far more valuable 
attempts to determine the percentage variation of differentiated and un i 
tiated cells. The most highly differentiated tumor can kill just as e ective^ ^ 
an anaplastic growth if it is not all removed. Moreover, I feel it 
waste of time but also deceptive to attach histologically descriptive a jec ^ 

prefixes to gastric carcinomas. Who is to determine what proportion o tu 
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carcinoma shall form before it is tc* lie called adenocarcinoma? How much mucin 
muit be secreted in order that a tumor shall be called a colloid or mucoid carci- 
noma? Far more valuable is it to describe the gross forms of cancer, since it is 
iiiiportant for diagnostic procedures to know these and since they also have some 
bearing on prognosis. They will be described in the next section. 

The growth of carcinoma in the stomach is accompanied b\' certain phenomena 
^'Orth noting. As the tumor cells multiply there is always a fibrous framework 
lormed, which furnishes a support for them. In that portion of the tumor which 
projects into the lumen, this process is usually not verj' conspicuous, but where 
the tumor penetrates the gastric wall the amount of fibrous tissue is mucli greater, 
t tliickens the various coats and separates the muscle bundles, and the process of 
brosis extends well out beyond the periphery of the tumor. It is not. however, 
am greater, and is sometimes less, than the fibrosis of the gastric wall about a 
peptic ulcer. In the linitis plastica t 3 -pe of gastric carcinoma, fibrosis of the gastric 
''all is paramount, and the wideh* scattered cancer cells may be difficult to 
’recognize. If, as frequentlv occurs, the carcinoma approaches or actualh- involves 

e pvlonis, the ring mav be greatlv narrowed and the lumen constricted bv this 
fibrosis. t> . . 


The smooth muscle coats mat' eventuall}' be destroj’ed b}’ cancerous growth, a 
process which can occur even without ulceration. But long before destruction 
occurs the muscle is thickened, not only bj’- the interposition of fibrous tissue 
etween the bundles but by an actual hypertrophy. This can occur even in the 
absence of both pvlorospasm and pvloric obstruction. The same process occurs in 
peptic ulcer. 

. Tinallv, it should be noted that in the presence of cancer the gastric mucosa 
's generally abnormal and disturbed. An inflammatory cell infiltration is usually 
Present^ even if there is no ulceration, and dilatation and engorgement of the 
fapillaries account for the reddening which is so common. Except in the rare 
distance of a carcinoma developing on the basis of a complete mucosal atrophy, 
^ome acid-secreting cells are present and functioning. Mucus-secreting cells are 
''■ "ajs present and active, and their number may be increased at the expense of 
'c chief and parietal cells, so that the appearance of the gastric mucosa some- 
’mes approximates that of intestinal mucosa (fig. !)• But this is by no means 
^onstant, and manv times the gastric mucosa appears unchanged except for 

'nflammation. 


THE GROSS TYPES OF G.ASTKIC C.VRCIXOM.\ 

In the preceding section, the microscopic appearance and growth characteristics 
(Carcinoma have been described in such fashion that the clinicall}' more impor- 
forms of cancer maA' be better understood. These will be described 
^n er four main heads : fungating carcinoma, ulcerated carcinoma, spreading car- 
”°wa and carcinoma of no special type. 

. • Pungathig Carcinoma. — In this type growth is principally into the lumen, 

delaj'ed and restrained penetration into and along the stomach a\ all. The 
j-?.. the lumen is large and often like a cauliflower. It produces a large 

‘“ng defect with not a great deal of thickening and defonnity of the stomach 
ail until rather late in the course of the disease (fig. 3). Alany but by no means 
L of this tvpe tend to form partlv differentiated tubules. The growth 

tio'^°'"f s'lperficialh' eroded on the surface, but ^xtensive ^d destructive ulcera- 
coi^^ projecting tumor producing a niche in the filling defect is not 'very 

union. It is unfortunate that these "fungating tumors fonn_ only about 10 per 
of all gastric cancers, because as a class the\’ metastasize slovh. and the 
0 of five A-ear cures folloAving resection is better than cO per cent. 
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B: Ulcerated Cancer . — A description of tlic ulcerated cancers is not as simple 
as that of the fungating tumors; first one must distinguish primary ulcerated 
tumors from other types which undergo ulceralioti as a secondary phenomenon; 
next, the primary ulcerated cancers whicli are ulcerated from the beginning from 
those which form in the margins of preexisting peptic ulcers, and, finally, the 
ulcers which occur in superficial spreading carcinoma from those whicli occur in 
deeply penetrating cancers. Most of these can be differentiated on the basis of 
gross structure, but with the last group differentiation requires the assistance of the 
microscope. 

The ulcerated cancer is recognized now much more frequently than it was 
twenty years ago, probably because the modern ability to diagnose early cancer is 
so greatly improved. Ulcerated cancers formed only 11.7 per cent of all the gastric 
cancers resected at the Presbyterian Hospital in the quinquennial period from 



Fig. 3. — Carcinoma of the stomach, fungating type, in a woman aged 68 yea • , 

.stomach has been opened along the lesser curvature and the tumor is on the grater cu 
with the pylorus at the left. Below is a cross section showing that the tumor has m\ 
submucosa but not the muscularis. The mucosa of the stomach appears flattened ^ 
stretched out and pinned before fixation. There is no atrophy. The patient was we 
months after operation. 

1916 through 1920, whereas in the six years from 1936 through 1941 the} foitnc 

35.2 per cent. . -ather 

The primary ulcerated cancer seen on its mucosal aspect is a roun e , 
shallow ulcer, concave like a saucer with shelving edges. It 
distance into the submucosa or inner muscle coat but does not reach t ie su 
The ulcer bed is covered with an irregular necrotic membrane, and its ® ^ 
appear irregularly nodular and reddened instead of having the jo 

inflamed mucosa as in peptic ulcer (fig. 4). This irregularity may je 
the immediate vicinity of the ulcer or may extend far outward from it, n^ 
stages the area of ulceration may reach a diameter of several centime ers < 
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surrounding cancerous mucosa may become elevated a^ much 1 cm. or more. 
Tlie stomach wall heueath the ulcer is thickened by lilirous tmsue and by cancer 
cells which arc tound in :dl jiarts oi the ulcer bed and penetrate to me su ^ero-a. 
Seen from the outside, the region of the cancer is often puckered an scarrec anr 
may he reddened hv extravasati<ins of hloofl. It the ulcer has formed in a .uper 
ficial spreading type of cancer, it has the same mtico.-al aspect, but me uceiauon 
does not penetrate deeper than tlie snhnnicosa. Since the suhmucosa ma\ e btea 
thickened by edema and fibrosis, the ulcers can he 3 or 4 nini. deep withoui 

reaching the miiscularis. . . , 

The appearance of a carcinoma which has formed in the margin o a pep 
ulcer is difterent. Seen from the mucosal surface, the ulcer appears deep and 


f' ■ 


.V V. , 3, ' 


. '' n’ 



^ ^ . 37 vears. The appearance 

4. — Ulcerated carcinoma of the stomach in a ^ j nodular thickening of the 

me ulcer is characteristic. It is shallow witli slopin^ “ . the pvlorus at the left. 

Grounding mucosa. The tumor and ulcer are on the lesser curr ature 
patient died twentj'-eight months after gastrectomj . 

unched 

3 OV 
f the 


lied out, with precipitous walls, and is g'or even°Sea'ter fibrosis 

'verhang the edges of the defect. _ There is through all of the 

lie gastric wall. The chronic peptic ulcer a \t P outside the gastric wail 
s of the stomach, and its base rests on scar =ince the sniootli 

fS; 5). If an ulcer heals it leaves a oi such an ulcer 

^'Cle is not regenerated. ^M^en cancer lorins ‘ ‘ along it away 

ic cancer cells tend to penetrate through the s unfavorable 

'•°ui the nicer, but apparentlv the scar tissue ot the 1 ^ ‘ p, i:. 

^'^duini for the growth of cancer cells, for they are seldom 
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Those who deny that carcinomas ever form in ];)rccxisting peptic ulcers explain 
the apjiearance just described as the result of comidetc central destruction of a 
preexisting carcinoma by the jiroccss of ulceration. J do not agree witli this 



Fig. 5. — Peptic ulcer of the stomach with carcinoma in a man aged 64 years. Characteristic 
appearance with deep penetration and overhanging mucosal edges on the lesser curvature of 
the stomach of a man, who had had typical ulcer symptoms for two j'cars. The appearance of 
the surrounding mucosa does not permit one to suspect the presence of a carcinoma which 
had penetrated the gastric wall away from the ulcer bed and killed the patient nineteen months 
after resection. 



Fig. 6. — Peptic ulcer (left) and ulcerated carcinoma (right). Both lesions are o 
curvature at the pylorus. Both are large and shallow and have irregular margins. 
gross appearance it is impossible to know' which is which. The patient who la years 

the patient who had the carcinoma arc both well, the former ten years and t ic a 
after resection. 

viewpoint. It is sometimes impossible to distinguish this type of ulcerated 
from simple peptic ulcer (figs. 5 and 6). One may suspect the presence 
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hririnSrchSc Tv une^•c■n elvations. particu- 

of t]ie ulcer ImT •! ' -'in apjn-cciablc (hstance iroiu the margin 

ca'e to di-fi ■ criteria wliich will enable one in everv 

spreadinc •• "’■•I’'-''-'''"'’ palpation whctlicr the carcinoma is superficial. 

penetratinTT"'^''' ^uiamicosa alone, or whether it is a deepiv 

iorni.' at tl i!>ele,<s to speculate on how frequentlv carcinoma 

sta-es of Ij-cause it is only in the relatively earlv 

fiie’ni tliat one can feel confident of the relationship. To complete 

different”'^^ carcinoma and pepic ulcer can coexist in 

a diiode ^arne stomach, and I have even observed in one specimen 

Th pylorus and a carcinoma on the other, 

of the tt cancer is relatively more favorable for treatment than is cancer 

In neal p general, even though regional lymph node metastases are found 
n.' half the cases. Of 15 patients treated by resection in the quinquennial 



from lO''" 1 

of j *(-3 . through 1940, 5 have died of cancer or are alive with evidences 

e^'cr ^^^^’®^ence, and the other 10 are free from evidences of disease from two to 
nition after resection. No doubt this is because of relatively early recog- 

the eg prompt operation. It should also be noted that postoperative deaths in 
fnr „ ulcerated cancer are no more numerous than deaths followinsr resection 

peptic ulcer. 

Spreads Cmicc;-. — There are two forms of cancer in which the tumor 
that f ^ along the gastric wall. One is well known bv name but is so rare 

seen it. The other is much more common but is less well 
bottle infrequently described. The rare form is linitis plastica. or Icatlier 

peculiar condition the entire stomach gradually becomes 
5iibi;efQ. ^tirous tissue which forms chiefly in the submucosa, muscularis and 
Vais ; rnucosa remains practically intact (fig. 7). Scattered at wide inter- 


^ fibrous tissue can be found a few isolated cancer cell 


almost obscured 
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by the predominating filjrous tissue. Such tumors are curiosities. I have examined 
only 1 genuine example (fig. 7), and this was not included in the Presbyterian 
Hospital series hut was sent to me from another hospital. 

The other form is quite diflerent and much more important. In this interesting 
lesion the neoplastic growth starts as usual in the mucosa and spreads in it, 
usually penetrating the muscularis mucosae hut not going deeper into the gastric 
wall until a wide surface area has been covered. In one stomach 54 sq. cm. of 
the mucosa and submucosa had been involved without any penetration into the 
muscularis. In a few tumors of this type the mucosal involvement is not con- 
tinuous hut patch}^ with free areas between the patches. Tumors with multiple 
areas of superficial mucosal involvement and without penetration of the muscularis 
mucosae or lymphatics are sometimes called cancer in situ, the connotation being 
that cancer has begun in a number of different areas at the same time. This is 



Fig. 8. — Superficial spreading type of gastric carcinoma in a Negro woman S ye^ ^ 
Anorexia, loss of weight, nausea and weakness had been noted for six months. le 
considerable reduction in acid secretion, and the roentgenogram revealed a filling 
stomach has been opened along the greater curvature with the pylorus at the Je . 
appears as a thickening of the mucosa in the antrum extending to the pylorus wit lou 
or deep penetration (see figs. 1 and 2). 


purely a speculation and has not been proved. Superficial spreading 
.slowly progressing superficial erosive cancer, as it has been called by 
and Bertrand) as observed in the material from the Presbyterian ospi 

generally associated with peptic ulcer or else includes superficial bow -s 
whose bed reaches the submucosa but does not go deeper, d he gross 
teristics are the same as have already been described for the ulcerate c 
although often the mucosal irregularities extend farther outward 
margin than in those tumors which tend to penetrate at once througi 

fx'nU Tn rvnU* hrnnfl nrpac: nf .mincrficial in\'OlvCment JCCn ^ 


wall. In only 3 instances have broad areas of superficial inv( 
without any ulceration (fig. S). Although these tumors remain 


superficial lor 
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•fttiiA iHiutratL- inti, tho 1\ nijiiialu'- wuii oa-v. ii>r meta-tascs 

ca-ci Y ^ »j'l’i'J‘ .’inil ImviT cnrvntnws wciv u.vim! in tuarlv halt the 

- 1 . case cm' this tyjn- wa^ ..hserved in liie surgical material at the Pre-hv- 



Sfaph sh ' the stomnch of no special tj'pe in a man aged 42 years. The photo- 

involvin anterior half of stomach with the pylorus at the right. ver>' extensive tumor 

(pseudo r gastric wall but with mucosal projections and extragastric invasion 

■nitis plastica) with extensive metastases. Death followed operation. 



F* 

is at nt’ the stomach of no special tj'pe in a man aged 65 years. The pylorus 

with prof! ^herc is extensive carcinoma surrounding the stomach and involving all coats 
"odes. hourglass deformity and metastases to superior and inferior gastric lymph 

Patient died after operation. 


Hospital before 1937. Since that time there have 

^ ^ of these cases were of ulcerated cancer, it may be assumed that the 
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prognosis for resection with this form of cancer is approximatelv the same as 
with ulcerated cancer. In all of the eases from the Presbyterian Plospital tlie 
patients survived operation, and so far only 5 of them have died of cancer or are 
alive with known persisting disease. The rest are alive and apparently well. 

D: Carcinoma of iVo Special Type . — Approximately half of the gastric cancers 
removed in the last five years had grown in such a fashion that it is not possible 
to assign them with assurance to any of the aforementioned types. In general 
they were late cancers. Invariabl}' the}' had penetrated to the subserosa, bad 
extended along the wall and projected into the lumen in varying degrees. Many 
of them were ulcerated, and the majorit}- involved the complete circumference of 
the mucosa, especially if they were in the pars pylorica. In some cases growth 



Fig. 11. — Carcinoma of the stomach of no special tj'pe in a woman aged 59 jeais. 
carcinoma involving the entire circumference in the distal end of the k, * .fj 

tendency to extend outside the gastric wall where it formed a nonadherent mass. ca 
cancer occurred four months after operation. 

may be exaggerated in one plane so that it simulates a type. There are foi 
cancers which approximate the linitis plastica type (fig. 9), but 
has also taken place in other directions as well as along the stomach t le} 
be so called. In fact cancer can produce almost any deformity o t ic ? 
that can be imagined (figs. 10 and 11). This group is not difficii t to 
but since most of the tumors are in an advanced stage not main o 
eradicated by gastric resection. In the Presbyterian Hospital ^ P nodes, 

of the patients with cancer of this type had metastases to regiona }mp 
and the five 3 'ear svmptom-free salvage rate was on!\' 10.6 per cent. 
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and ciiiu'cr spread? in other ti-ue- i.v 

inclastasi? tnrnu-li tlte iyiupltattV system and hl<v. 


mctliod 
colic onicntr 


dtreei ei-ijwth, 

ni-rtr,,. . 1 , . • ' vi-'seis, Tiie first 

nrn t »'>'•’ c.sojihamis. t!)e .i^asirnliepatie and -astn- 

The the transxerse enlnr. and tlie liver. 

curr-atiml and les.ser 

the 1 * ''n <^'*^licr nodes tartlier alicld. and tlie biootl 

A smaH^^ !'’ _tiic liver and tlien to many other jiarts 

number of gastric cancers remain localized to the stomach itself. In 14d 


stream carries 
of the bodv. 


autopsies 


10 s r)n ca.'^c.s of gastric cancer in which resection had not been done 15. or 
«om£i[ wnU ’ PI '’^'5 neither metastasized nor extended outside of the 

fl Ind ' otltcrs were limited to the immediate vicinitv of tlie stomach 

to invaded the duodenum, and 10 showed metastases 

cancers only). Tims 26 patients, or IS per cent, died while their 

a 30 ner cJl 5^"' -i theoretically operable status. Tin's may he compared with 
'pj.jg j. ” ^veodom from metastases to gastric lymph nodes in resected stomachs, 
but cert Permit an extended analysis of the metastases. 

The live to the surgeon and the diagnostician must be mentioned. 
Autopsy ^ ntetastases in 70. or approximately half, of the cases in which 

^etast'as"^^ performed. The peritoneum, omentum and mesenteries contained 
Many otl^ (42.6 per cent) and the lungs and picuras in 47 (32.S per cent). 
Other 5 .- ^vid tissues received metastases. but in much smaller numbers, 
tia] di involved where metastases might become problems of differen- 

Per Included: supraclavicular and cervical lymph nodes. 22 cases (S.4 

cent) • i" (^4 per cent) ; bones (stennnn. vertebrae, rib), 16 (11.2 per 

nienin 4; thyroid, 3; umbilicus and subcutaneous tissues. 1 each, and 

In examined). 

there ar autopsies on patients who had not had radical operation, 

Perfor 42 more autopsies on patients on wliom gastrectomy had been 

u^onthT^ T postojjerativelv and S who died after a lapse of 6 or more 

J'eveal -’h ^ patients who died postoperadvely did the autopsy 

Of the^S^ ^ persisting tumor, in 1 locally and in 3 others with metastases. 

cancer patients. 1 who had had a fungating tumor showed no evidence of 

patient enteric infection four years after gastrectom}'. In another 

bis dead" ^ fungating tumor resected nearly twenty-three years before 

’n the independent undifferentiated carcinoma apparenth- developed 

stomach remaining. Of tlie other 6 patients, 3 had widespread 
^etast^^^^ local neoplasm, and the other 3 had local recurrences but no 

Th^^^^ ^®ne of the recurrences was in the duodenal stump. 

2hle ‘ t ™^^bod of invasion of the duodenum by gastric carcinoma is of consider- 
'^oats it occurs tlie tumor cells may be found in any of the outer 

foj. j' offer no special barrier, but the mucosa is sc?.rcely ever involved 
gyggj. ’®(^nce of more than 1 or 2 mm. beyond the pylorus. This fact and the 
been primary- carcinomas of tlie first portion of the duodenum liave 

The^ of much fruitless speculation. 

"’ho ^^^°vds suggest that there are many patients with cancer of the stomach 
^ortalit^^^ have been saved by earlier operation and a lowering of operative 

LESIOXS OF THE STOAIACH SIMULATIXC CARCIXOMA 

fap(, *^Iose resemblance between peptic ulcer and ulcerated carcinoma and ti'.e 
carcinoma can start in the margin of a peptic ulcer and that the two 
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lesions can coexist in clin'crcnl parts of the same stomacli liave already been dis- 
cussed, and it is unnecessary to do more than reiterate that no absolutely reliable 
criteria exist for distinguishing grossl}’ betu'cen the two. 

Exaggeration and irregularities of the mucosal folds due to vitamin deficiency 
(fig. 12 A) or gastritis may simulate carcinoma, especially if they are found in 
association with ulcers. Hypertrophy of the pyloric muscle occurring in an adult 



I — ,7 \ 

Fig. 12. — A, hypertrophy of mucosal folds of the stomach due extraction 

man aged 62 years had suffered for ftve months with anorexia and \vas made 

of teeth. There was no free hydrochloric acid. A diagnosis of funga exaggeration of 

from the roentgenogram. There was no carcinoma but marked niuscie without 

mucosal folds and hyperplasia of mucous cells. B, Hypertrophy ot t ie pj gastric 

ulcer or cancer in a Negro aged 45 years. There were rapid loss o carcinoma. The 

acidity. From the roentgenogram the lesion was diagnosed as prow jhcrc is 

photograph shows the posterior half of the stomach with the pjlorus a 
marked thickening of the muscularis, especially along the greater ‘ goblet cells- 

folds are thickened, and microscoi>ically there is gastritis with some i 
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(%. UB) awl itov a<-.'ci:ue.l with ulcer may feel 

iscxpo>wl at operation hut m-t after it has „K-cTati...u of the 

of the mucosal surface. Tite uilr..M^. .let..rnut> amf 
stomach associate<i witli .^vpliilis may also .Mniuiaie 
examination proves its ahseiice. lio confuted 

Of ,l,c 'fa „u„.ber 

\ntli carcinoma. Lilm carcinoma, tlim mopl.iMii n .i. acUilar snbmuconr 

of dilTcrcnl ionns. The con, monel if .he a,.,.c.arancc ' “ „,e over- 

masse.s which project into the himen and Put if it is ulcerated 

lying mucosa is not ulcerated one may ,‘^u>]>ect vmj -■ ‘ ' n .^ ^1 invasive with 

.ne'cannol he .mrc. In a fcconh form 'ri^^rperSL'^ Tins type of 
•’ tendency to ulcerate, which sometimes lead. . . jj.j u third, and 

rmphosarconia cannot trrossly he distingul^ k< ir i * ^ ,,,.c,oi,,r-:n(T tremendous 


hmphosarcoma cannot grossly he distuigmshctl tremendous 

rarer, form the tumor tends to extend m t ic su in ‘ ^ submucosal plaques. 

wSt'lS air-""’”— — 


nmcosal folds, ami hnally may dS^nosed udth any 

of the microscope these torms cannot be cl.a^t 

degree of assurance. 


itUUUL UiC mu Ul i.11^ iiuv.» 

a-gree of assurance. ., ,i:.,i,iauished because of their 

The smooth muscle tumors arc more cas to produce hourglass 

smooth outlines, their intramural position w ill ^ ' .ion becomes hollowed 

tumors and the frequence with which ^ t as a rule associated 

out bv . .l«rnlv Lfino'd excavation. The tumors are not 


and the frequency with which the cn associated 

-“V u_i a sharply defined excavation. ' 
vith fibrosis or gastritis. 

^ ^ AM 4 A 


'a u\ a snarpiy ucniivu 

th fibrosis or gastritis. ai.tmmii-hed from fungating carcinomas 

Benign adenomatous polyps can be cli- & .nuco^ae and are not asso- 

3ecause thev do not infiltrate through the muse c interfere witli 

iated with- fibrosis. Hence they are treely mobile ana 
leristalsis. 

SUMMARY , . 

^ n ‘>umniar\’ fasliion 

The patholog)- of gastric cancer has important in the diagnosis 
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CHRONIC ATROPHIC GASTRITIS AND CANCER 
OF THE STOMACH 


LEWIS W. GUISS, M.D/ 

AND 

I- RED W. STEWART, M.D. 

N’F.W YOnK 


The question of tiie etiologic importance t'f chronic atropliic gastritis to 
gastric cancer has been the subject of numerous studies during the past few decades. 
The association of gastric atrophy with various types of chronic disease has 
been known for many years. One of the early contributors to the subject, seldom 
cited today, is Samuel Fenwick.' His work comprises two papers on “Atrophy 
of tlie Stomach” published in the Lancet in 1870 and 1877. These papers alone 
should be sufficient to arouse suspicion that gastric atrophy is rather more widely 
tound than might be expected b}' those who would seek to show it a precancerous 
lesion from the point of view of gastric cancer, merely on the basis of finding 
morphologic evidence of atrophic gastritis in a large proportion of cancerous 
stomachs, for Fenwick reported gastric atrophy associated with cancer of many 
organs. Thus he found gastric atrophy associated with 11 of 15 mammarr- cancers, 

0 ot a gastric cancers, 3 of 24 uterine cancers, 1 of 3 cancers of the tongue and 

1 of 2 rectal cancers, but with none of 11 cancers variously located in the penis, 
bladder, “groin,” glands, bone, skin and lungs. He likewise encountered it in 
association with chronic cardiac disease, cirrhosis, tuberculosis and nephritis, 
hut to a lesser extent than with cancer in general or with addisonian anemia. It is 
'kely that had Fenwick's material been comprised of multiple large sections his 
proportion of cases of gastric atrophy would have been considerably increased, since 
minor changes now recognized as manifestations of gastric atrophy doubtless 
escaped him. His microscopic investigation was necessarily limited. 

To avoid much citation of literature, further reference will be largely restricted 
to selected more recent papers with direct bearing on the relation of atrophic 
gastritis to gastric cancer. 

Konjetzny in 1913,- working with freshly fixed, resected material, postulated 
a development of cancer of the stomach on an inflammaton,- basis. He formulated 
I's well known concept of “gastritis hyperplastica atrophicans’’ and concluded tliat 
die greater portion of gastric cancers (about 85 per cent) arose on the basis of 
chionic gastritis and that the latter constituted a precancerous condition. 

Orator,- in a series of articles appearing in 1925 based on a stud\- of 700 cases of 
ulcei and 150 of cancer, noted the close association between the presence of chronic 
gastritis and its allied intestinal metaplasia and that of gastric carcinoma, and 
concluded that about SO per cent of gastric carcinomas arose on a basis of pre- 
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cancerous gastritis and tlie remainder through cancerous transformation of gastric 
ulcers, i. e. “ulcerocancers.” However, lie simultaneously admitted that a severe 
chronic gastritis likewise usually accompanied gastric ulcer and reported the 
presence of chronic gastritis in association with such diverse conditions as gastric 
lymphosarcoma, sarcoma, m3-oma, benign polyps, worms, gastric ptosis, diaphrag- 
matic hernia and severe systemic infections and intoxications. Orator’s conclu- 
sions were confirmed in most part by the work of Puchert.'’ 

Hurst,® in a series of articles appearing between 1929 and 1939, reiterated 
the opinions of the German pathologists as to the pathogenesis of gastric carcinoma 
on the basis of chronic gastritis and further subscribed to the theory of malignant 
transformation of chronic gastric ulcers, but stated that these ulcers were secondary 
to chronic gastritis. He attributed the relatively low incidence of gastric cancer 
in females to their death from carcinoma of the breast or uterus on an average 
of fifteen to twenty years before gastric carcinoma commonly develops. 

Jemier," assuming from a statistical study of patients with pernicious anemia 
that there was a relativelj'’ high frequency of gastric carcinoma in that group, 
believed that this high incidence was due not to the presence of pernicious anemia 
itself but to the chronic atrophic gastritis which is always present in such cases. 

Pathologists as a whole have not been universally committed to the vieiis 
expressed. Thus Haring " warned that perhaps Konjetzny had overempiia- 
sized the importance of chronic gastritis as an etiologic factor in the pathogenesis 
of gastric carcinoma and that the histologic picture of chronic gastritis was tie 
end result of many injurious processes acting on the gastric mucosa. He con 
not agree with Konjetzny that it was specifically related to gastric carcinoma. 

Borrmann ® expressed the opinion that the majority of gastritides 
with gastric carcinoma were catarrhal, interstitial or atrophic and ^te a ^ 
very early carcinomas he had almost never seen a severe gastritis. He sugg 
that the gastritis was a result rather than a cause of the cancer. ^ ecaiise 
Hillenbrand ^ regarded a “normal stomach” in old age as a ran 
of the many exogenous and endogenous injuries concomitant witi 3 
years, and comparing the frequency of so-called chronic atrophic gas ri ^ 
stomachs of people over 50 with the frequency of similar changes m j,, 

and cancer, stated : “It is overwhelmingly indicated that it is no more 
cancer than in ulcer-free or cancer-free stomachs of older persons. T/-pjj:etznv’s 
Wanser,^® in a recent careful study, was unable to substan la e 
contention that chronic gastritis was a precancerous condition. er 
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Westhues’- have likewise warned a"ainsl overemphasis on chronic gastritis as 
a cause of gastric carcinoma. 

Tumen and Liherthal.’'' in a recent review of the status of chronic gastritis, 
stated that despite Konjetzny's work man\‘ felt that the origin of cancer from 
gastritis had not been snhstantiated and suggested that certain of K<uijetzny s 
specimens would not be considered by t)thcr pathologists as showing malignant 
changes. Schindler and his co-workers have shown that some of Konjetzny s 
findings in resected material might have been artefacts due to the surgical procedure 
itself. 

\\ ith the advent of the popularity of gastroscopic examinations, another group 
of papers has appeared, presenting the endoscopic concept of chronic atrophic 
gastritis, and again manv suggestions have been made as to its role in the patho- 
genesis of gastric carcinoma. However, as yet we have been unable to discover 
a fully adequately correlated pathologic study made on gastroscopically diagnosed 
cases, nor have we had the opportunity to study enough such cases to enable 
ns to draw any conclusions ourselves as to whether the gastroscopic diagnosis can 
be substantiated pathologically with uniformity. 

Fortunately, despite the wide divergence in interpretation of the significance 
of chronic atrophic gastritis, the microscopic pathologic picture is relatively clearcut 
and has been accepted at least as a morphologic entity by all workers in this field. 
It is generally defined as including: (1) varj-ing degrees of atrophy of the 
mucous membrane; (2) moderate to marked increase in size and number of lymph 
follicles and interstitial infiltrate; (3) transformation of pyloric and fundus mucous 
membrane to the so-called intestinal type, and of fundus mucous membrane to a 
dedifferentiated pyloric t}-pe (pyloric gland heterotopia), and (4) an increase in 
the interglandular connective tissue and a thickening of the muscularis mucosa. 

These changes are closely associated with one another and tend to occur as 
3 rule in identical areas of the mucous membrane. The term “chronic atrophic 
gastritis” is not entirely satisfactory’. In its more restricted use it naturally implies 
inflammation. It is by no means clear that all lesions included under the definition 
‘ire inflammatory'” in the narrower sense. It is not our purpose, however, to 
enter into a philosophic discussion of such matters as, for instance, tlie relation of 
atrophy of parenchymatous structures and their replacement by diffuse or follicular 
hmphoid aggregates, a topic which would lead us too far afield. 

The conclusions of the group who hold that chronic atrophic gastritis is a 
precancerous condition were based, presumably, on the concomitant presence of 
gastritic changes and gastric carcinoma in surgically resected and autopsy material. 
-No exception should be taken to their anatomic findings, for all were competent and 
e.xpert students, and their obsen-ations vary- little, it at all, from those of the group 
loldmg the opposite view. However, exception can and should be taken to their 
unwarranted assumption that the mere presence of chronic atrophic gastritis 
m a large percentage of their cancer specimens proved any etiologic association, 
here are four distinctly different conclusions possible: 

1- Many persons reaching the gastric cancer age have chronic atrophic gastritis. 

-• Chronic atrophic gastritis precedes the development of gastric carcinoma. 

Chronic atrophic gastritis is the direct result of tlie presence of carcinoma 
»i the stomach. 

ssthucs, H. : Gastritis. Miinchen. med. Wchiischr. 79:2061, 1932. 

t Lieberthal, M. M..: Chronic Gastritis: A Review of Its Present 

-laius, Intcrnat. Clin. 2:263-291, 1941. 

Obsc’ ^ 939 ^'^''’’''’® Surgical Gastritis, Surg.. G>-nec. & 
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A. 'j'lic development of chronic atrophic gastritis is a nonspecific concomitant 
of many gastric lesions. 

The end result, i, e., tlic pathologic picture in the resected specimen, would 
he identical in any of these sequences, and therefore the finding of chronic atrophic 
gastritis in association -will) gastric cancer in a large percentage of cases is not 
proof of any one of these four hypotheses to the exclusion of the other three. 

If very early carcinoma of the stomach could be proved consistently associated 
with either the presence or the absence of gastritis, the problem of relationship 
would be solved. Unfortunately, the material is not at hand for such a study. Tlie 
reports in the literature on this poitit are controversial to say the least. No 
investigator has seen more than the occasional very early gastric cancer. 

A logical attack on the problem would seem to be ( 1 ) to ascertain the character- 
istics of a “normal" stomach, (2) to discover what the changes are which may be 



expected to occur with advancing age, (3) to study carefully ^.^^‘^'^'Lferniinc a")' 
from people who died of cancer other than cancer of the stomac i o ^ ^ny- 

“nonspecific” changes in the mucosa associated witii the picsence o 
where in the body, and (4) to determine what the mucosal cia 
group of gastric cancers and whether they differ significantly _ r ^ 
changes found in association with noncarcinomatous gastric esion 


MATERIAL _ 

The stomachs utilized in this study were for the most part if 

or within two to three hours at most, after death. It w^s ou 
time than this elapsed, the material was likely to be unsui fk'"' 

specimens removed within a few minutes after rScclcd niatcriah^»; 

deaths were already so digested as to be worthless. Surgical!} ,;|,ccinH'a' 

obtained, as a rule, within five to ten minutes of 'J" [^"’^miidling c>r 
were all carefully opened along the greater curvatui e, u itb 
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the mucosa, and fixed fiat, without tension, in d per cent solution of {onnaldchyde. 
After thorough fixation, gross dcscrijilions were recorded, together with data 
regarding age, sex, state of nutrition, time elapsing between death and hxation. 
causes of death, nature of gastric contents and any otiier jicrtincnt facts. At 
least eight routine sections were taken from each stomach, as indicated in the 
figure, and such additional sections as seemed indicated for completeness of study. 
Evidence showed that more sections added nothing of significance. 

Five distinct groups of material suitable for study were collected : 

Group A consisted of 35 stomachs obtained from premature infants born 
at from six nionths’ gestation to term and from a few infants who were stillborn at 
term or who died within a few days of birth. 

Group B was made up of 73 “norniar’ stomachs obtained from persons who had 
no history or other indication of gastric disease. W ith few c.xceptions. these 
were all from persons who died as a result of trauma or from acute infectious 
diseases of short duration. This group was augmented by an additional 22 specimens 
from young subjects who died of electric shock. 

Group C included 77 “normal” stomachs obtained from patients who died of 
nongastric cancers. None of these patients gave any history of gastric symptoms 


T.\ele 1 . — Xuwcrical Distribution of Specimens by A(!C Groups 
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and, so far as could be ascertained, differed from group B only in that tlie^' died 
of cancer after prolonged illnesses. 

Group D was composed of 73 gastric carcinomas, the large majority being 
surgically resected specimens. 

Group E was a miscellaneous group of unselected consecutive stomach speci- 
mens resected for gastric lesions other than carcinoma, such as gastric ulcer, 
myoma and sarcoma. 

At the risk of reemphasizing well known information but for the purpose of 
subsequent references to anatomic regions, we are very- briefly summarizing tire 
basic normal histologic appearance of the stomach. Three distincth' different 
mucosal areas are found in the stomach, each witlr its characteristic glandular 
components. The cardiac area is a variable zone, extending from a few millimeters 
cm. from the esophagogastric junction. At this junction tire squamous 
epithelium of the esophagus gives way to a columnar epithelium which lines tire 
^stne nrucosal surface. The glands here are compound tubular glands and open 
irectly into the gastric pits, which are lined nfth a continuation of the surface 
columnar epithelium. These glands are composed of clear mucus-secreting cells 
mrd may normally contain a few parietal cells. 

The fundus area, which begins at the margin of the cardiac zone, extends dornr 
0 the pylorus and comprises about four fifths of the mucosal area of the stomach, 
surface and cr\-pts are lined witlr a continuation of the covering columnar 
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epithelium. I'hc glands of tlic fundus are normally of one type, a simple tubular 
or branched gland which empties into the gastric pits, which arc relatively shallow 
licrc. I hesc fundus glands are composed largely of the zymogenic, granular 
chief cells which usually make up the bottom of the tubule and the acidophilic 
parietal cells which are more numerous in the neck of the gland. In addition, the 
junction of the crypts and tubules is lined with nongranular mucin-forming cells, 
termed in this location neck chief cells but probabl}^ identical in every respect 
with the cells of the pyloric glands. This type of cell is normally restricted in tiie 
fundus area to the neck of the gland. 

The pyloric area begins abruptly at the gastroduodenal junction and extends 
into the stomacli for a distance variousl}'^ reported as 6 to 7 cm. The surface 
columnar epithelium is identical with that of the rest of the stomach, but the crypts 
are deeper, occupying about half the mucosal thickness. The glands, which liere 
are more branched and wliicli show a tendenc}' to coil, are composed almost entirel)' 
of clear, mucin-forming cells, identical in appearance with the neck chief cells 
of the fundus gland. The presence of a few parietal cells is not unusual. In the 
narrow transitional region between the pyloric and fundus areas, where there is 
an intermingling of gland types, tliese clear mucin-forming cells probably may he 
found normall}'' in tlie bottoms of some of the fundus glands, but nowhere else may 
such an occurrence be considered normal. 


SPECIFIC FEATURES STUDIED 

In the study of specimens of tissue from tlie stomach, some sj'stematic grouping 
of data is essential, and for this purpose attention was focused on certain ascertain* 
able histologic features. The following factors were noted and tabulated for ever) 
individual microscopic section studied. . . 

1. Mucosal thickness. The measurement of mucosal thickness was accomphsie^ 

with great difficulty and necessarily could not be “exact” owing to the gieat raria 
tion within the individual sections. With considerable care and expeiience, ai^^ 
with use of a calibrated field, it rvas possible to ascertain an aveiage 
thickness for the individual sections, measuring from the deepest poition o 
gland to the outer aspect of the covering epithelium, eliminating tie e ec 
mamillation and irregularities due to rugae. . , | 

2. Rugae and mamillation. These were recorded with reference to estiiix 
number, location and degree of prominence. 

3. Type of gland and constituent cells. The type of gland 
degree of development were recorded with reference to the location o 

in the stomach. The type of the component cells of the glands was no ec , o 
with tlie type and number of abnormal cells present. ^ biifotcd, 

4. Lymph follicles and lymphoid collections. These were aiui 

lymphoid aggregates with “germinal centers” being designated as 

those without such centers as collections. They were classmec p|je 

.size and distribution throughout the mucosa and with relation 

presence or absence of b 3 'aline collections and giant cells wit nn (in 

follicles and collections was noted but was found to have no apparen 

the problem, so will not be further mentioned. pu?;d! 

5. Leukocytic infiltration. The number and type of cells f ” j 

body cells) and their distribution within the nuico.sa by leiihO' 

6. Muscularis mucosae. Variations in thickness and its in\o\e! 

cytic infiltration were recorded by location and degree. location- 

7 Interglandular fibrosis. This was tabulated Iw degree anc 
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S. Intestinal metaplasia. .Xi'eas characterized hy the jn'esence of a columnar 
surface epithelium with a striated border and scattered ^ohlet cells. to_:;cther 
wth crypts of Lieberkirhn lined with columnar epithcliunA and occasional goblet 
cells, and usuallv with Paneth cells at their bases, were tabulated by degree and 
e-\tent of the metaplasia and its location. 

9. Pyloric gland heterotopia or dedilTerentiation of fundus glaiuls. Pyloric 
type glands of dedifterentiated. mucoid epithelium in the fundus gland area, while 
usually found in close association with areas of intestinal metaplasia, may also 
be found in stomachs devoid of metaplasia. Such areas were sejAarately noted. 

10. Mucosal cysts. These cysts, characterized by a distended lumen of varying 
size lined with dedifferentiated mucus-secreting cells, were tabulated as to number 
and location. 

11. Thickness of muscularis. 

12. Appearance of the ganglions. 

13. Leukocytic plugs occupying the gastric pits. 

14. Presence of mucosal edema. 


OBSERVATION'S 


The obsen-ations with reference to the aforementioned factors in the five 
groups of stomachs may be summarized as follows : 

Group A . — At the sixth month of gestation, the rugae were feebly developed. 
It present at all. The gastric mucosa varied from 0.2 to 0.4 mm. in thickness, with 
an average thickness of 0.3 mm. Xo follicles or lymphoid collections were found, 
and leukocytic infiltration was totally absent. The pyloric and fundus glands 
'vere already differentiated, but the various specialized cells, parietal cells, fundus 
chief cells and pyloric chief cells might or might not be differentiated. The 
parietal cells were definitely made out in most cases, prunner’s glands were 
represented as small buds beginning to pierce the muscularis mucosae of the 
duodenum. 


At the end of the seventh month of gestation, the mucosal thickness was 
unchanged. The specialized cells were more definitely differentiated, as were the 
gland areas. The cardiac glands might be seen as they began to develop and appar- 
ently started within the stratified squamous epithelium of the esophagus rather 
than on the gastric side of the gastroesophageal junction, which suggests an origin, 
at least partial, from the esophagus. Lymphoid follicles and collections were 
absent, although occasional leukocytes, usually lymphocytes and plasma cells, were 
seen scattered throughout the mucosa. 

By the end of the eighth month of gestation, gastric mucosal measurements 
laried from 0.3 to 0.7 mm., averaging 0.4 mm. Further stages in the development 
ot cardiac glands from esophageal epithelium might be noted. Brunner’s glands 
'n the duodenum were better developed and now lay below a more definitive 
uoclenal muscularis mucosae, and an occasional lymphocytic collection was found 
in the superficial portion of the duodenal mucosa. 

_ At term the gastric mucosa varied from 0.3 to 0.7 mm., with an average of 
•a mm. Rugae were but feebly developed, if present at all, and mamillation was 
njscnt. The glands were well differentiated, as were the specialized cells, X*o 
>mphoid follicles or collections were found, but a few lymphoc^-tes, plasma cells 
anc eosinophilic polymorphonuclear cells were scattered throughout the mucosa 
ome specimens. Further stages in the development of cardiac glands in the 



830 


ARCHIVES Of SURGERY 


esophageal mucosa were found and llie duodenal glands of Brunner were better 
developed. 

In no specimen c-xamined was there any suggestion of intestinal metaplasia, 
])yloric glanrl hetcrolo])ia, mucosal C 3 'sts or dedifferentiation of specialized cells or 
of lymphoid follicles. Ihcse changes, when present, must be considered to be of 
postnatal dc\'elopmcnt. The ab.sence of intestinal jnelaplasia in this group fur- 
ther confirms the studies by Saltzmann,*® on 7 stillborn babies, by Chuma and 
more recently by Magnus,’' on 12 fetal stomachs, and refutes the idea that intestinal 
metaplasia is congenital in origin, as suggested by 'J'a}']or,’** Stewart and others. 

Since the gastric mucosa at term averages but 0.5 mm. in thickness, about 
half the thickness of adult mucosa, we arc safe in assuming that considerable 
postnatal development of the stomach takes place. 

Ihe definite finding of cardiac glands developing within the esophageal squamous 
epithelium is of importance, cspcciall}- since Bcnslcy concluded that tlie “cardiac 
glands are decadent or retrogressive structures, derived from fundus glands by the 
disappearance of their more highly specialized cellular constituents,’’ i. e. chief 
and parietal cells. 

Group B. — The first decade is rejirescnted by 3 specimens from children 
whose average age was 1 j'car. d'he mucosal height varied from 0.6 to 0.9 mm., 
with an average of 0.7 mm. Rugae were ])resent, low, widel}' spaced, with some 
suggestion -of mamillation. The glands were well dificrentialcd, as were the 
specialized cells. The parietal cells had become more numerous in the fundus 
glands but remained infrequent in the pyloric region. No lymph follicles weie 
present, but an occasional small collection of lymphocytes was noted at the base 
of the glands along the muscularis mucosae. A few leukocytes, lymphocytes, plasma 
cells and eosinophils were scattered between the deeper portions of the glaius. 
The glands of Brunner were now definitely developed, and the portion supei icia 
to the muscularis mucosae was moderately infiltrated with lymphocytes, pasma 
cells and rare eosinophils -and showed an occasional lymph follicle. 
glands, which may be said to have developed to the adult phase at this stage, ® 
no further changes pertinent to this study and will not be further ,^1 

Further stages in the development of cardiac glands from squamous esopu 


mucosa were present. . , 

By the beginning of the second decade the stomach has attamc 
In our specimens the gastric mucosa varied from 0.8 to 1.3 mm. anc ^ ^ . 

1.1 min. in thickness — twice that at birth. Rugae were well devclopcc, ‘ 
men showed mamillation. Parietal cells had become more niimci ous, 
portionate change being most marked in the pyloric glands, and ‘ ,|Qric 
to be a definite tendency toward an increase in the parietal cc s m ^ jujcn 
glands immediately adjacent to the gastroduodenal junction, u a 

examined there were parietal cells in Brunner’s glands. Only 1 stomac i 

15. Saltzmann, F.: Sluclien iiber Magenkrebs mit bc.sondcrcr Bcriicksic!itiguii|J=‘^|:|[^^^ 
hautveriindcriingcn und dcr ini Tumor und an dessen Rand auftretcnccn 
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16. Chuma, M. ; Zur normalen und pathologischen Histoiogie ocr i 

chows Arch. f. path. Anat. 247:236-277, 1923. Fnitliclium in 

17. Magnus, FI. A.: Observations on the Presence of Intestina P 

Mucosa, J. Path. & Pact. 44:389-398, 1937. j r p.-itl.. 
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30:415-449, 1927 
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few small follicles along the imiscularis nnicosac of the fiindns. but all had occasional 
collections of lymphocytes scattered along the muscularis mucosae with an apj)arcnt 
tendency to be located at the apex of a rugal fold. A few leukocytes, mostly lympho- 
cytes, were seen scattered about the bases of titc glands, and a few plasma cells 
cjid lymphocytes were found under the covering epithelium. 

In the third decade the mucosal thickircss varied between 0.8 and 1.4 inm-. 
the average being 1.1 mm. The n\gac were well developed, but tuamillatiou was 
rare. Lymph follicles were rarely seen, and the small ones present were located 
immediately above the muscularis mucosae. The number of lymphocytic collcclio^^ 
varied but there were usually a few of small size, more frequent in the fundus area. 
Leukocytic infiltration was sparse, consisting of lymphocytes along the bases of 
the glands, with more plasma cells superficially. 1 wo stomachs, one from a patient 
who died of glomerulonephritis and the other from a man who committed suicide 
tdth a shotgun, showed definite intestinal metaplasia and prdoric gland heterotopia. 

In the specimens from persons in the fourth decade, the mucosal thickness varied 
from O.S to 1,5 mm., averaging again 1.1 mm. Rugae continued to be well 
developed, and mamiliation often was present. The glands and specialized cells 
cojitinued to be well differentiated, aitiiough there was an apparent diminution 
in the number of parietal cells present in the pyloric area. .\ few follicles and 
frequent lymphocytic collections, usually small, were often found along the muscu- 
laris mucosae. There were usually a few lymphocytes scattered about the deeper 
portions of the glands and a moderate number of plasma cells and lymphocytes 
more superficially. Eosinophils and Russell body cells were occasionally seen. 
However. 1 stomach in this group was completely devoid of infiltrate. Four of 
ffie 7 stomachs showed var}-ing degrees of intestinal metaplasia with its associated 
changes, and 1 additional specimen showed moderate pyloric gland heterotopia 
■n the fundus area. 

The special group of 22 stomachs from persons who died instantly of electric 
shock in the third or fourth decade of life showed no significant morphologic 
differences from the other stomachs in the same age groups. Four contained areas of 
intestinal metaplasia, and 7 others had areas of pyloric gland heterotopia, i. e.. 
dedifterentiation of the more specialized fundus type gland to the pyloric t3-pe. 
Despite the fact that all the persons from whom these specimens were taken are 
known to have eaten a heavy meal two or three hours before death, there is no 
evidence of “digestive leukocytosis.’’ A quantitative comparison with stomachs 
of a random group of persons of the same age reveals that the special group not only 

trate but had actually a slight 
inclined to discount the factor 
pi digestive leukocytosis” as of importance in interpretation of leukocvtic 
infiltration. 

In the fifth decade group, as in previous ones, the average mucosal thickness was 
LI mm,, with a variation of 0.6 to 1.6 mm. Rugae continued to be well developed 
in some specimens, fairly well developed in others and nearly absent in a few. 
^ne ot the stomachs examined had giant rugae measuring 1 inch (2.5 cm.) in 
leiglit without accompanying indication of disease, there being no explanation for 
lie condition. IMamillation was equally variable, stomachs with well developed 
nigae showing well marked mamiliation as a rule, but not necessarilv so. The 
glands and cells in general continued to be normally developed and specialized: 
0 01 the specimens showed many parietal cells in the duodenal mucosa. Tlie number 
o lolliclcs was inconstant, some stomachs showing no follicles but compensating 
} having numerous lymphoid collections, while the reverse was as often true, 
general, it may be said that follicles and h-mphoid collections varied from 


Snowed no increase in the amount of leukocytic 
although not significant decrease. ^Ve are therefore 
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A considernhle variation in the thickne.s.s <if the nniscularis imicosac is normally 
found in all stomachs, it heinj^ on an averaf^c two or three times as thick in the 
pyloric region as in the fundus and again, as a rule, thicker in the cardia than in 
the fundus. In the pyloric region smooth mu.'clc extensions of the muscularis 
mucosae are normally found between the pyloric glands. It is true that in 
specimens showing marked intestinal metaj)Iadn, p3'loric gland heterotopia and 
hea^•3' infiltrate, the muscularis muco.sac niav ue thickened and fibrosed, but such 
thickening is not a constant finding and as a criterion for a microscopic diagnosis 
of chronic atrophic gastritis it i.s probably not reliable except when considered in 
association with these other changes, 'i'hc ju'cscncc or absence of leukocytic infil- 
trate in the muscularis mucosae is entirely coincident with the presence or absence 
of heavy infiltrate in the immcdiatelv overlying mucosa and has therefore 
no independent significance. 

Interglandular fibrosis, as would natuially be expected, is found onl3’ in associa- 
tion with areas of heary infiltration, marked mucosal atroply, intestinal meta- 
plasia and other regressive changes. It is not present in a normal mucosa and 
does not appear to be of sufficient significance per se to warrant further separate 
consideration. 

Intestinal metaplasia and pyloric gland heterotopia have a similar significance 
and safely ma3- be said never to be present in a normal stomach. All students agree 
that such areas are not present at birth. Ta3'lor considered intestinal metaplasia 
as of congenital origin in some cases, but his material consisted of stomachs resected 
for cancer or ulcer, and did not include a single normal stomach. Chuma, 
Magnus, Schmidt and Nicholson all described intestinal metaplasia as a 
response to injury of the gastric mucosa. Faber and Lange,-® Konjetzny 
Hamperl and many others have agreed that areas of intestinal epithelium never 
occur in stomachs free from the changes of gastritis. Our own material is m 
complete accord with these conclusions. Our youngest patient vdth intestma 
metaplasia was a 21 year old man. In the fourth decade group. 57 per cent o 
specimens showed areas of intestinal metaplasia, while in the fifth decade gioup 
68 per cent of them show’ed such changes. B3' the time the seventh decade vas 
reached, 80 per cent showed these regressive changes. These foci of intestma 
metaplasia when in the fundus are almost a!wa3'’s associated with heteioopic 
pvloric glands and are ini'ariabh' surrounded bv rmrying amounts of infi tiate an 
other signs of damage. . 

Mucosal C3'^sts are probabl}" never found in normal stomachs, since our 3 
patient having them was 37 )^ears old. Although they seldom are ^ 

individual stomach, the number of stomachs showing them increases ui ’ 
until in the sixth decade 81 per cent show at least an occasional qs . 
rarely occur in stomachs not containing intestinal metaplasia or othei cian 


istics of gastritis. . mcosal 

A normal stomach may therefore be defined as a stomach witi ^ 
thickness rmiying not greatty from 1 or 1.1 mm. It may or may no p 
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maniillation. and rugae arc usuallv present. It may contain a few lymphoid collcc- 
tions and lymph follicles along the muscularis mucosae. Leukocytic inhltrate may 
var}' from slight to moderate without regard to type of cells present as long as 
the covering mucosa shows no erosion. Intestinal metaplasia, pyloric gland 
heterotopia, mucosal cysts and interglandular fibrosis arc absent. 

It is easily seen bv table 2 that the incidence of chronic atrophic gastritis 
rapidly increases with the passage of each decade and that in old age a normal 
stomach is truly a rarity. 

Group C . — The group consisted of apparently normal stomachs from patients 
who died of cancer other than cancer of the stomach. The observations are almost 
identical with those for the previous group, and for the sake of brevity only such 
data as appear pertinent will be reported. 

In the first decade group the mucosal thickness varied from 0.4 to 1.0 mm. 
averaging O.S mm. The specific glands were well developed and specialized, and 
there was excellent differentiation of specialized cells. Follicles were absent, and 
lymphoid collections were few except in 1 specimen from a patient with lymphatic 
leukemia, a disease considered by many to be neoplastic. As in the previous 
groups, leukocytic infiltration was slight or more often entirely absent, the only 
notable exception being in 1 of the specimens from patients with lymphatic 
leukemia, in which there was a heavy infiltrate just superficial to the muscularis 


T.\Bi.r 2 . — Percentage of Stomachs ShozAna Chronic Atro/'hic Gastritis 
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mucosae. None of the features of chronic atrophic gastritis are found in this 
first decade. 

In the second decade group tlie mucosa varied from O.S to 1.5 nun., with an 
merage thickness of 1.1 mm. Glandular and cell differentiation were normal. One 
specimen had parietal cells in the duodenal mucosa. Follicles were absent, lymphoid 
^ actions were few and leukocytic infiltrate was slight to absent, except in a 
i ‘^™^ch from a patient who died of myoblastoma of the heart, which showed an 
increase in all three, together with such degree of pyloric gland heterotopia that 
^_must be classified as showing chronic atrophic gastritis. Aside from the presence 

a lew mucosal evsts in 2 other specimens, this group showed nothing further 
ot interest. ' v 

The picture in the third decade is similar to tliat in the previous decade. The 
^I^^^Imess averages 1 mm. One specimen again showed many parietal cells 
^ m duodenal mucosa. However, 2 stomachs showed intestinal metaplasia and 
“ ers showed significant areas of pyloric gland heterotopia, while a few mucosal 
■ found in 2 instances. 

be - decade mucosas averaged 0.9 mni, in thickness. Follicles continued to 
a '"ms slight or absent, except in 2 mucosas in which there were 

bodv number of cells under tlie covering epithelium and an occasional Russell 
froiii comparison, decade by decade, with the previous group of stomachs 

tiou' persons, there were consistently fewer follicles, fewer lymphoid collec- 

^ and less leukoc\-tic infiltrate. One specimen showed -intestinal metaplasia. 



1 he mucosa! thickness in (!ie !lft!j dccaclc continned to average I.O nim., and 
glandniar ami cell dil'tereiitiation were normal, J’arietal cells were again noted 
in the duodenal mucosa. A quantitative comparison of the sj)eeimens for this decade 
willi tiiose of the same decade in the group of normal stomachs from normal 
patients showed less than half as matiy follicles and lymphoid collections and 
.significantly less leukocytic infiltrate in (his group from patients who died of extra- 
gastric cancer. 'Fwo sj)ecimen.s showed inte.stinal metajdasia; 2 in addition .sliowcd 
some glandular dedirterentiation, and 3 showed a few nuico.sal cysts. 

T he sixlii decade grouj) was a heterogeneous group, itfucosal thickness Varied 
from O.d to l.d min. hut again averaged 1 mm. Glandular development and 
differentiation were poor, althoug’h the specific cells were as a rule still well 
diffcrcnliated. 'fhe individual glands were often spaced by intcracinar proliferation 
of fibrous tissue, 'i'wo siiecimcns again showed jrariela! cells in the duodenal 
glands, d'hc numher of follicles and lymjdioid collections coiitiiuicd to be definitely 
diminished in comparison with the control group, though the dilTcrcuce was not 
so marked. Leukocytic infiltration was variable, Inil an average imico.sa in this 
group showed a sliglit. mostly lymphocytic infiltrate about the bases of the glands 
and an increased mimhcr of cells more superficially, with a j)repondcrancc of 
plasma cells and an occasional l?usscl! body cell. Ten mucosas showed marked 
intestinal melapla.sia ; in some the metaplasia was almost complete. There were all 
stages of pyloric gland helerolojiia and epithelial dedifferentiation in the nieta- 
plaslic mucosas, and in addition 2 other specimens showed marked pyloric gland 
iictcrfitopia although actual intestinal metaplasia was absent. Mucosal cysts were 
])vesenl in 10 specimens. 

The seventh, eighth and ninth decade groiqjs did not differ in any essential 
factor from the sixth decade grouj), 'J'hirlccn of the seventh decade group showed 
varying ainounls of intestinal metaj)lasia, while 2 additional specimens la 
significant amounts of pyloric gland heterotopia and mucosal cysts were toun 
in 13. The eighth decade group contained sj)ccimcns with intestinal metaj)asia, 
all with mucosal cysts, and the single .si>ccimcn in the ninth decade showed j)} 
gland hcterotoj)ia hut no actual intestinal mcta])lasia or cysts. 

It is obvious that this gronj) of stomachs was identical in all essentials )Ut one 
with the previous group of stomachs from api)arcntly normal i)crsons wio n 
relatively sudden deaths, and that difi'erence was in the .jY' 

lyinj)!) follicles and lyin])lioid collections and in the lessened amount o cus 
infiltrate present in these specimens from ])aticnts who died of cai 

From the statistical evaluation to follow, it is also obvious that the ci 
beyond the jiossibility of chance occurrence and that there must he sonic exj ■ 
tion for the jihcnomenon. The best explanation is found in a compaiison 
nutrition of the two groups of subjects. The patients who died of 
as a grouj) definitely malnourished, and there is a proportionate disj)an } 
the nourishment of the two groups and the num])cr of lymi)hoid aggicga ^ ‘ 
leukocytic infiltrate. Furthermore, there is a significant ^„^ount 

between the nutritional state and the number of lym])hoid aggregates aiu 
of leukocytic infiltrate within thi.s grouj). It is therefore probably 5 in 

the relative decrease in the number of lyini)hoid aggregates and lie 
amount of leukocytic infiltrate were directly related to the pooi lui i 


j)aticnls, _ • • i nrlier age-s 

The aj)j)arcnt higher incidence of chronic atroi)hic gastritis a atrophia 

this grouj) was only a])j>arcnt. 'J'i)C average ages of incidence o c 
gastritis in groups B and C were practically identical. 
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Group D. — With tlic cxccjuiou of a slis^ht l)ut progressive increase in the amount 
of intestinal metaplasia and pvh'ric "land heterotopia with increasin" a^c, tiie 
decade diftcrcnces present in tlic ]>reviou? gronjrs were entirely ai)sent in this one. 
-■Apparently the presence of a carcint^ina in the stennach is snfhcicnt to eradicate 
individual histologic variations nsnally present and related to di (Terences in age. 
and this presence converts all stomachs into a surprisingly honingcneons group. 
In fact, the individual specimens conformed more closely to the mean of tliis group 
than in the groups previously considered, with the c.vccption of the specimens from 
stillborn premature infants. 

The thickness of the portions r)f the mucosa nninvolved l)y tumor varied from 
0-6 mm. to 1.4 mm., with an average of 1 mm., essentially identical with groups B 
and C. Rugae were, as a rule, well developed, and mamillation was usually present 
away from the immediate vicinity of the tumor, but this was of no significance 
and was to he expected, as the specimens were nearly all surgical specimens, fixed 
immediately in solution of formaldehyde while still warm. 

As a rule, the dediftcrentiation of specialized glands and loss of specialized cells 
'vere most marked in the mucosa immediately adjoining the carcinoma. Intestinal 
metaplasia and pyloric gland heterotopia also were usually more in evidence in the 
immediate neighborhood of the tumor. However, in some instances the glands 
immediately adjacent to or surrounded by the tumor retained perfectly their 
specialized characters and the functional cells maintained an absolutely normal 
^ppearance. All gradations lietween these two extremes may be expected. All 
out 2 of the 73 specimens in this group showed some degree of intestinal metaplasia 
oi" pyloric gland heterotopia, an incidence of 97 per cent. 

was a marked increase in the number of botli lympli follicles and lymphoid 
collections and a proportionate increase in the amount of leukocytic infiltrate 
present in this group as compared with previous groups. Although they were 
ound in largest amount distributed in the immediate vicinity of the lesion, as a 
I'll e the entire gastric mucosa was involved. AVith regard to the type of cell present. 

ore was a proportionate increase in the number of polymorphonuclears in tire 
neighborhood of the cancers, practically all of which were ulcerated, but in the 
mucosal areas more distant from the lesion the usual proportion of the various 
UKocrdic components was restored. Russell body cells were often seen in the area 
immediately around the tumor or even in the mucosal area involved by the tumor, 
cysts were present in 40 of the 73 specimens or in 55 per cent. 

^nis high incidence of chronic atrophic gastritis in association with gastric 
tnrcinoina is entirely in accord with the figures of other observers, including 
'^oiijetzny. Baker, as quoted bv Eusterman.i’' Simpson,^^ Faber Orator.^ Hurst ® 
many others. 

^oup E. — ^This miscellaneous group, composed of specimens resected for 
tojistric lesions other than carcinoma, is included to indicate what the incidence of 
^ nic atrophic gastritis may be expected to be in pathologic conditions of the 
' mach other than carcinoma. Twenty-one of the 24 specimens, or 88 per cent. 

evidence of chronic atrophic gastritis as we have defined this con- 
ion. The conclusion suggested by this relatively small number of specimens is 
^J^ ^r cor roborated by the report of Simpson from Guy's Hospital, who found 

S-oJm G. B. ; The Gastritis Problem : Xotes on Histologicallv Verified Ca'es 

M. J. 29:685-693. 1936. 

H R-i Observations on Gastritis. Guy's Hosp. Rep. 84:351-362. 1934. 

a er. K. ; Gastritis and Its Consequences. London, Oxford University Press. 1935. 
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gastritis in a!! cases of polyi)S and pejjtic ulcers examined, and by tliat of Kon- 
jctr.ny."'’ who in asserting that too little attention was paid to the chronic gastritis 
associated with gastric ulcer cited Ixalima as finding more or less gastritis in 100 
per cent of a large series of cases in which resection was done for gastric ulcer, 
and stated that he himself had always found chronic gastritis in stomachs resected 
for chronic duodenal ulcer. Magnus ’• found intestinal metaplasia (used in his 
very strict interpretation of the term) in 73 per cent of gastric ulcers, while PuhP^ 
found intestinal epithelium in all of 140 stomachs removed for gastric ulcer. 
Orator-' found an atrophic dilTuse gastritis as a rule associated with sarcoma and 
lymphosarcoma of the stomach and that it was also present in specific infections, 
in intoxications, in infestation with worms and in gastric tuberculosis. 

ST.VTISTICAt. KV.\r.r.\TIOX OF OIISKRVATIOXS AXO COXCLUSIOXS 

When working with a large number of different biologic factors, each capable 
of independent variation, it is necessary to test statistically the conclusions drawn 
from such material to determine whether or not the variations obsen'ed are 
significantly different from chance variations. 

The details of the theory and mathematics of these procedures are beyond the 
scope of this paper. Briefly it may be stated that the significance of an obtained 
result may be judged by its relation to its probable error. The probable error of 
the difference between any two quantities is equal to the square root of the sum 
of the squares of the probable errors of the quantities entering into the difference. 
When a difference or a constant is less than twice its probable error, it is considered 
by biometrists to be not significant, since the odds against such a deviation s having 
occurred by chance are only 4.64 to 1. When a difference or a constant is thiee 
or more times its probable error, it is said to be significant, since the probability o 
the deviation's having happened b}' chance is less than 1 in 20. All deviations v rose 
probabilit}' of chance occurrence is less than 1 in 20 may therefore be considere 
significant. When a deviation is four times its probable error, the odds agains 
chance occurrence are 142 to 1 and with a deviation five times its probable error, 
the odds against chance increase to 1,341 to 1 (Pearl ^'). . . 

Similar!}', in considering a number of variable biologic characteristics, i n 
desirable, too, to determine if there is any relationship between their l ana i^^^ 
i. e., whether changes in one characteristic influence changes in any other 
istic or whether each is entirely independent of the others, 
variation in one factor on changes in another factor is best indicated } ca cu a 
their coefficient of correlation. This coefficient may fall anyvheie 
which is the result when there is no correlation between the two vana e , 
either -f- 1 or — 1, the latter figures indicating that the correlatimr is per , 
that for every change in one of the variables there is a definite an cons 
portional change in the other, A positive correlation signifies that as jjyg 

increases in value the other variable also increases and vice veisa. gjgnifi- 

correlation means that as one variable increases, the other decreases.^ 
cance of the coefficient of correlation is again judged by its re a ions 
probable error as stated above. 
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I he following varialjlc factors in this study were tested to determine any 
correlation with each other: 

1. Sex 

2. Age by decades 

3. State of nutrition or weight 

■1. Thickness of mucosa 

3. The number of lynijih follicles and lymphoid collections 

6. Amount of leukocytic infiltrate 

/. Amount of intestinal metaplasia and pyloric gland heterotopia 

S. Presence or absence and number of imicosal cysts 

Each factor of each specimen was quantitatively graded, those factors not 
naturally having numerical values being graded on an artilicial scale from 0. 
indicating complete absence of the factor, to 24. indicating the greatest possible 
change, such a manipulation being required by the statistical method to be used. 

Aside from the higher incidence of gastric cancer in males, 73 per cent of the 
specimens being from males and but 27 per cent from females, the analysis by 
sex shows nothing of note. There is no significant difterence between the two 
sexes in mucosal thickness, number of lymphoid aggregates, amount of leukocytic 
innltrate or intestinal metaplasia, nor in the number of mucosal cysts. 


3 . — Correlation of Advancing Age xcith Changes in Other Mucosal Factors 
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of the relationship of increasing age to mucosal changes shows that 
advancing age there is a significant increase in the number of h-mphoid 
^gregates. in the amount of leukocytic infiltrate and in the amount of intestinal 
e ap asia and glandular dedifferentiation in stomachs not the site of cancer. This 
^i 'i is nullified b}' the presence of cancer in tlie stomach, so that only a 

u cant increase in tlie amount of intestinal metaplasia with increasing age 
fh is no significant correlation between age and the mucosal thickness 

is normal growth period of the first decade) in any of the groups, nor 

sitr ®^§^iEcant correlation between the age and the nutritional state. A 

ori positive correlation found between the number of cysts and increasing 
Po? 'h'r mucosas of persons dying from extragastric cancer is beyond the 

chance, but we have no explanation for it. 
att 'I ^ ^Ee effect of variation in the nutrition of the subject on the 

E a hiwf stomach shows but one correlated group of positive facts. There 

"'lio J- , ^'^Eficant difference in mean body weight between group B persons 
caiic acute conditions and group C (persons who died of extragastric 

There ' ^ true tendenev of patients who die of cancer to be malnourished. 

^Piount^ ^ proportionate and equally highly significant diminution in tire mean 
patients ^^mphoid aggregates and leukocj-tic infiltrate present in the group of 
Ijy ^'cd of extragastric cancer. This suggestive evidence is corroborated 

-'gmficant positive correlation in group C between the state of nutrition and 
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the amounts of lymplmid aggregate and Icukoq'tic infiltrate present. It may tliere- 
fore be safely stated that there is a definite tendency toward lessened infiltrate 
and fewer lymphoid aggregates as the nutritional state declines. No correlation 
is found between the nutritional stale and the mucosal thickness or the amount 
of metaplasia present in any of the groups. 

Study of the relationship of variation of the mucosal thickness to the other 
characteristics of the mucosa reveals lhc.se interesting facts. Despite the fact that 
the average mucosal thiclcnesses arc essentially identical for all three groups, varying 
hut slightly from 1 mm., there is a highly significant hut negative correlation between 
mucosal thickness and both the amount of leukocytic infiltrate and the amount 
of intestinal metaplasia in the persons who died acute deaths and those who had 
cancer of the stomach. An explanation for the lack of correlation between these 
factors in patients who died of extragastric cancer might lie in the diminished 
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intestinal metaplasia in groups C (I'roni persons with cxtragastric carcinoma) and 
D (from persons with cancer oi the stomach) is also unaccountably less marked 
and statisticallv not significant in group A (troni ‘‘normal persons). It is clear, 
then, that with an increase in the numljcr of lymphoid aggregates there is a strong 
tendency toward a proportionate increase in the amount of leukocytic infiltrate, 
and that usually this increase is associated with intestinal metaplasia. Tliere is 
also a tendency for these increases in lymphoid aggregates to be found in the 
specimens from the older age groups, proyiding cancer of the stomacli is absent. 
Differences in sex and yariations in mucosal thickness show no correlation with 
changes in lymphoid tissue. 

The correlation of the amount of leukocytic infiltrate with other yariables is the 
most striking and clearcut among those analyzed. There is a yery high positiye 


T.cble 6 . — Correlation of Xuiiibcr of Lymphoid Aggregates loitk Other Mucosal Factors 



Group 1! 

Group C 


Group D 



Correlation 

Coefficient 

Signifi- 

cance 

Correlation Signlfl- 
CoelDclent cance 

Correlation Slgnifl- 
Coefficient cance 

Age (by decades) 



Mean amount Ivmphoid ag- 
gregates 

-O.Soo 0.0T5 
.f O.ftlG 0.C03 
— 0.rC2 0.051 
-0.353 O.OTO 
— O.ITO ± 0.070 
Xo correlation 

15.20 ± 0.533 

Yes 

Xo 

Xo 

Yes 

Xo 

.^0.251 0.(777 

-0.25S 0.073 

—0.070 - 1 - 0.054 
5-0.752 0.077 

-C0.5I3 ± 0.077 

Xo correlation 

o.m ± O.IC) 

Yes 

Yes 

Xo 

Yes 

Yes 

■f 0.02.7 ± 0.079 

Xo corri’Intion 
—0.157 -*- 0.054 
-f 0.443 -4- 0.079 
-0.372 ± 0.079 

Xo correlation 

21.70 ± 0.559 

Xo 

X'o 

Yes 

Yes 

Difference in mean amounts 

ol groups B 

and 0 is 

3.03 3:0.710, significant 



T.\ble 7. — Correlation of Amount of Leukocytic Infiltrate 

zi'ith 

Other Factors 



Group B 

Group C 


Group D 



Correlation 

Coefficient 

Signifi- 

cance 

Correlation S 

Coefficient 

!ignifl- 

cance 

Correlation Signifi- 
Coeflicient cance 

Me (by decades) 

Nutritional state 

Mucosal thiclmpcB . . . 

liTmplioid aggregates 

Intestinal metaplasia 

~0.4T1 -h 0.079 
-fO.Oll •+■ 0,0(?5 
— 0.2S3 0.051 
+0.5S3 0 . 0:9 

>i-0.512 ± 0.079 
S’o correlation 

Tes 

Ko 

Yes 

Yes 

Yes 

— 0 . 37 s - 4 - 0.077 
-rO.305 -+- 0.07S 
-E0.032 -4- 0.054 
-i-0.752 - 1 - 0.077 
-1-0.736 ± 0.077 

Xo cfirrelation 

Tes 

Yes 

Xo 

Yes 

Yes 

-i-0.215 ± 0.079 

Xo correlation 
—0.445 0.0S4 

-f-0.443 H- 0.079 
-1-0.652 ± 0.079 

Xo correlation 

Xo 

Yes 

Yes 

Tes 

Mean amount ol infiltrntp .... 

9.56 ± 0.oG9 


7 . 1 s ± 0.371 


14.04 ± 0.315 


Difference of mean amounts of infiltrate of groups 

B and O is 2.3S 

0.524. s 

igniffeant 



correlation behyeen the amount of infiltrate present and the amount of metaplasia 
and dedifferentiation present in all groups, and an almost equally high positiye cor- 
relation between the amount of infiltrate and the number of lymphoid aggregates 
present m all groups. The positive and significant correlation between age and 
the amount of infiltrate in groups of persons who did not have cancer of the stomach 
IS somewhat obscured by the effect of the cancer on the mucosa in those with gastric 
carcinoma. The negative significant correlation between the amount of infiltrate 
3nd mucosal thickness in persons who died acute deatlis and those with cancer of 
t le stomach is apparently completely altered in the instance of tliose who died slow 
eaths of extragastric cancer, because of the significantly diminished amount of 
latter group. In general, it may be said that variations in leukoc\'tic 
mhltrate are interrelated with changes in the other characteristics of the stomach, 
^nereasing amounts of leukocytic infiltrate mar- be expected to be found in stomachs 
' It 1 cancer, in association with increasing amounts of intestinal metaplasia and 
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glanchtlar dcdifrcrontiation, in association with increased numbers of lymphoid 
aggregates and with advancing age. Lcs.sened infiltration tends to be associated 
with emaciation and thinner mucosas. The amount of infiltrate is independent 
of sex. 

Most of the variations associated with changes in amounts of intestinal meta- 
plasia have been mentioned. There remain the definite positive correlations between 
the amount of intestinal metaplasia and the number of lymphoid aggregates in 
patients who died of extragastric cancer and those with gastric carcinoma. The 
correlation is so lessened in the group who died relatively acute deaths as not to 
be statistically significant. There is also an exactly similar group of correlation 
coefficients between the amount of metaplasia and mucosal cysts. The amount of 
metaplasia present in a stomach, therefore, tends to increase with age and is much 
greater in the presence of cancer of the stomach. Such increases tend to be cor- 
related with increasing amounts of l3-mphoid aggregates, leukocytic infiltrate, 
mucosal cysts and thinning of the mucosa. Sex again appears to have no influence 
on the incidence or on the amount of intestinal metaplasia present. 


Table S. — Correlation of Amount of Intestinal Metaplasia and Pyloric Gland- Heterotopia 

xoith Other Factors 



Group n 

Group C 

Group D 
» 


Correlation 

siKoin- ‘ 

Correlation 

Slenifl- ' 

' Correlation 

Signifl- 


Coelllclcnt 

c«ncc 

Coelllclcnt 

ennee 

CooDlclcnt 

cance 

At'c (by (leciuler) 

+0,303 -+ 0.079 

Yes 

+0.203 + 0.077 

Yes 

+0.312 ± 0.070 

Yes 

.Mucosal thickness 

-0.103 -+ O.OSl 

Yes 

— O.IOS -+ O.OSl 

Xo 

—6.430 ± O.OSl 

Yes 

Lymphoid agKrcKntcs 

+0.170 -1- 0.070 

Xo 

•t-0.513 -f* 0.077 

Yes 

+0.372 ± 0.079 

Yes 

Leukocytic Infiltrate 

+0.512 -t- 0.070 

Yes 

+0.730 + 0.077 

Yc.s 

+0.002 ±0.079 

Yes 

.Mucosal cysts 

+0.103 0.070 

Ko 

+0.410-1-0.077 

Yes 

+0.310 ± 0.070 

Yes 

Se.\ 

Xo correlation 


No correlation 


Xo correlation 


.N’utritlonnl state 

No correlation 


Xo correlation 


Xo correlation 


.Mean amount of metaplasia.. 

5.30 ± 0.4 U 


4.80 ± O.SCO 


14.12 ± 0.699 



SUMMARY 

Intestinal metaplasia, pyloric gland heterotopia, mucosal cysts instances of 
dedifferentiation of specialized cells and lymphoid collections are not present at 
birth and must therefore develop postnatall}’’, probabl}'' as a result of mucosa 
damage. 

A'lucosal development is not complete at birth and is not complete until tie 
beginning of the second decade, at which point it reaches a plateau maintainc 
until the sixth decade, when a slight decline begins. 

The glands of Brunner attain their adult appearance about the end o tie 
first year of life. 

It is suggested that the cardiac glands of the stomach are of esophageal 
than gastric origin. They become fully developed during the first decade o i 
We are unable to substantiate the tlieoiy of "digestive leukocytosis viti our 
material. 

Parietal cells may normally be found extending into .the duodenal mucosa. 
There is a steady increase in the number of lymph follicles and lympioi^ 
collections in the gastric mucosa until the fourth decade, after which tiic incieas 

tapers off. . . ^rfsent 

There is a slight but stead)" increase in the amount of leukocytic innltiaie p 

with the passage of each decade of life without reference to any special t)pe o c 
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Intestinal metaplasia, hetcri'topia of the pyloric glands, imicosal cysts, heavy 
leukocytic infiltration and large numbers I't lymphoid aggregates are never found 
in truly normal stomachs hut are all evidences of gastritic changes. 

Stomachs of patients who died of cancer other than gastric cancer are essentially 
identical with those who died from other causes, e.xcept that they contain fewer 
lymphoid follicles and collections, and less leukocytic infiltrate. I his dilference 
is directlv proportional to the degree of malnutrition present and not due to the 
presence of cancer itself in the patient. 

Eighty-two per cent of stomachs from apparently normal persons who died 
within the gastric cancer age (over 40) show microscopic evidence of chronic 
atrophic gastritis. 

Sixt\’-six per cent of stomachs from persons over 40 who died of extragastric 
cancer show microscopic evidence of chronic atrophic gastritis. 

Ninety-seven per cent of stomachs with gastric carcinoma show associated 
chronic atrophic gastritis. 

There is a similar incidence of chronic atrophic gastritis in association with 
gastric diseases other than carcinoma. 

The chronic atrophic gastritis associated with gastric carcinoma is a nonspecific 
‘'reaction” to inflammation and gastric injury in general, and there is no evidence 
to suggest an etiologic relationship other than that chronic atrophic gastritis may 
be caused or intensified by the presence of carcinoma in the stomach. 

The factors included in the present concept of chronic atrophic gastritis, i. e. 
niucosal atrophy, increased amounts of leukocytic infiltrate and lymphoid aggre- 
gates. intestinal metaplasia and pyloric gland heterotopia are all rather closely 
correlated, variation in one factor tending to be associated with proportionate 
changes in the others. This correlation probably justifies the consideration of 
these changes as a pathologic entity. 

COX’CLfSIOX 

The often reiterated claim tliat chronic atrophic gastritis is a precancerous lesion 
receives no positive support as a result of this study. The slight difference in 
incidence of gastric atrophv between cancerous and noncancerous stomachs in this 
scries is far from being convincing. .Atrophic gastritis is an exceedingly conunon 
condition with advancing age. Mere statistical correlation of incidence of gastric 
ntrophy and of gastric cancer is quite insufficient to show causal relation. Botlr 
atrophy and cancer appear to be events in aging organs. \\'ere the effort made, 
It would doubtless be easy to show that gastric cancer was correlated not only 
"ith gastric atrophy but likewise with atrophy of other organs, even in fact with 
atrophy of such anatomicall}- unrelated structures as the genitalia, breasts, circula- 
tor}- apparatus or even skin, thus reducing to absurditv' the conclusions based on 
mere statistics as to incidence. 

To assert on morphologic grounds that tlie origin of gastric cancer depends 
on the existence of gastric atrophy would require far more evidence. It would 
at least require proof that early gastric cancer begins in,' and can be directlv tracer 
to, an area of atrophy to the exclusion of other areas. From tlie ver}' nature of 
^astne material universally available in large clinics, this t}-pe of evidence, although 
't eventually appear, will be long in coming. Could even tltis be proved 
correct, the larger question would still remain unanswered as to why A, with gastric 
mrophy, gets cancer and B, with the same atrophy, does not. Prematuritv in 

onuulating important conclusions in matters of this sort is unjustified. 

-^?cob A erne, George T. Pack, James Denton. C. C. Sweet and Tames Cash gavo 
ce in obtaining material for this study. 
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Because of the high incidence and mortalit}’ of gastrointestinal cancer^ its 
study has been given considerable attention in the Memorial Hospital for the 
Treatment of Cancer and Allied Diseases. A program has been designed for the 
investigation of the associated metabolic abnormalities. A detailed study of this 
nature is believed to be important for two reasons: (1) Through it some clue 
may be found as to the cause of the disease, and (2) information may be secured 
by means of which the morbidity and mortality resulting from operative and 
radiologic procedures can be reduced. 

The results of numerous clinical and experimental studies suggest that dietary 
factors are important in the maintenance of a normal gastrointestinal mucous 
membrane.- Hence a study of the nutritional status of patients with intestinal 
neoplasms might demonstrate inability to metabolize properly various dietary con- 
stituents. Thus far the subjects of the detailed studies which have been made on 
patients with gastrointestinal cancer are: (A) disturbances in distribution of 
vitamin A, (B) the incidence, nature and cause of the associated hypoproteinemia, 
(C) hepatic d 3 ’'sfunction, and (D) the metabolic abnormalities which complicate 
the postoperative period. 


A. DISTURBANCES IN DISTRIBUTION • OF VITAMIN A 

Plasma levels of vitamin A and of carotene were determined for 62 normal 
men and for 62 normal women (table 1) by methods described in an earlier com- 
munication of this series.® These control subjects varied in age from 20 to 6 


* Finne\'-Howdl Fellow, 
t National Cancer Research Institute Fellow. 

From the Memorial Hospital for the Treatment of Cancer and Allied Diseases. 

This review of certain aspects of the metabolic abnormalities associated with gastroin es 

cancer is the eighteenth article of this series. . . . carrer 

1. Collins, S. D. : Cover, M., and Dorn, H. : Trend and Geographic Variation in cant 
Alortality and Prevalence, with Special Reference to Gastric Cancer, J. Nat. Cancer ns . 


1941 • * of 

2. (a) Rhoads, C. P. : Gastric Cancer as a Sequel to Gastritis, Particularh the Gastnt ^ ^ 

Pernicious .Anemia, J. Nat. Cancer Inst. 1:511, 1941. (b) Klein, A. J., and .jg of 

Experimental Gastric Carcinoma : A Critical Review with Comments on le 
Induced Malignancy,. ibid. 1:559, 1941. a Studies in 

3. Abels, J. C.; Gorham, A. T. ; Pack, G. T., and Rhoads, C. P._. Patients 

Patients, with Cancer of the Gastro-Intestinal Tract: I. Plasma \ itamm A jnvesti- 

with Alalignant Neoplastic Disease, Particularly of the Gastro-Intestinal trac , j- 

gation 20:749, 1941. 
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years; all apparently were in good health and on adequate diets. The average 
plasma vitamin A content oi the 62 men was found to be 170.3 U. S. P. units per 
hundred cubic centimeters with a range of from 132 to 20S U. S. P. units. The 
average carotene content of this group was 0.21 mg. per hundred cubic centimeters, 
and the range was from 0.09 to 0.34 mg. A similar study of the 62 normal women 
gave an average plasma vitamin A content of 149.1 U. S. P. units per hundred 
cubic centimeters and a range of from 103 to 195 U. S. P. units. The average 
carotene content was O.IS mg. per hundred cubic centimeters, and the range was 
from O.OS to 0.40 mg. 

In distinct contrast to these findings were the levels of vitamin A in the plasma 
of patients witli gastrointestinal cancer (table 1). In 38 men the plasma levels 
of the ^•itamin ranged from 32 to ISO U. S. P. units per hundred cubic centimeters 
and averaged 84 U. S. P. units, or about one-half the normal value. The average 
carotene of this group content was 0.14 mg. and ranged from 0.04 to 0.50 mg. A 
study of 13 female patients with cancer of the gastrointestinal tract provided similar 
data. The plasma vitamin A levels ranged from 50 to 148 U. S. P. units and 
averaged 78.5 U. S. P. units per hundred cubic centimeters, again about one-half 
the normal value. The average amount of carotene in the plasma of this group 
was 0.135 mg. per hundred cubic centimeters, and the levels ranged from 0.05 to 

Table 1. — The Plasma Lci'cls oj I'ilamiit A and Carotene in Xonnal Persons and in 
Patients tcith Gastrointestinal Cancer 


Vitamin A, C. S. P. Units Carotene, 

iwr ICO Cc. Mg. per 100 Ce. 



Range 

Average 

Range 

Average 

^ normal men 



0.00-O.S4 

0.51 

» men uith gastrointestinnl cancer 

^normal Tromen 

r/MSD 

SJ.O 

0.04.0.59 

0.14 



H9.1 

0.(«0.40 

0.13 

^ ^ omen with gastrointestinal cancer 

. ... 50-14S 

7S.3 

0.05-0.27 

0.135 


0.27 mg. Of the 51 patients, 86 per cent had vitamin A levels below the normal 
range, and 96 per cent had levels lower than the average. 

The explanation for the discovery that patients with gastrointestinal cancer have 
low plasma levels of vitamin A was considered at first to be an insufficient intake 
ot carotenoids, due possibly to a deficiency of carotenoids in the diet or to mal- 
absorption of carotenoids from the gastrointestinal tract. However, a deficient 
intake of carotenoids could not explain the low plasma vitamin A levels in the 
patients studied, for the following reasons : 

1. According to their dietary' histories 75 per cent of the patients had ingested 
notriial amounts of carotenoids. 

2. Only 15 per cent of a control group of 20 patients with oral leukoplakia and 
none of a control group of 13 patients with atrophic gastritis had reduced levels of 
P nsma vitamin A. These persons had dietary and economic backgrounds similar 

n those of the patients with cancer. 

3. Fifty-five per cent of the 5 1 patients with gastrointestinal cancer had normal 
P nsma levels of carotene, the precursor of vitamin A. 

4. If the dietary' intake of the patients had been inadequate, it might well have 
\vf in a deficiency of other dietary constituents. Hence, of 28 patients 
^^10 lad low plasma levels of vitamin A and normal plasma levels of carotene, 13 
^ ere examined further for deficiency of thiamine or riboflavin. None of the 18 was 

^ C’.ent in thiamine, and only' 1 was deficient in riboflavin. 
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5. Most important, j)crhnps. was the observation that the parenteral adminis- 
tration of from 300,000 to 2,000,000 U. S. P. units of vitamin A was without effect 
in raising the plasma level of the vitamin in 6 of 8 patients with gastrointestinal 
caricer, hut was effective in all of 8 patients with vitamin A deficiency who were 
used as controls. 

Also, it is unlikely that malabsorption of fat-soluble vitamins could have been 
responsible for the low levels of vitamin A in the plasma of patients with gastro- 
intestinal cancer. Of the 51 patients studied, only 6 had diarrhea or suffered from 
persistent vomiting. It is true that in those 6 patients the diarrhea or vomiting 
might have prevented adequate absorption of vitamin A from the alimentaiy tract. 
If this were the reason for the low vitamin A concentration in the plasma of those 
0 persons, then low concentrations of the vitamin should have existed in the plasma 
of i)atients with benign gastrointestinal lesions who had a comparable degree of 
diarrhea or vomiting. However, of 8 patients with peptic ulcers who had con- 
siderable vomiting and of 6 patients with colitis w'ho had persistent diarrhea, only 
2 had plasma vitamin A levels below the normal range. 

It was evident, then, that patients with gastrointestinal cancer could have low 
levels of vitamin A in tlic plasma de.spitc adequate ingestion and absorption of 
the vitamin. The exjdanation next considered was that the ])atients studied suffered 
from some specific disorder which prevented the normal storage or distribution 
of the vitamin. Under normal circumstances, it is the function of the liver to store 
and to distribute vitamin A.'‘ It has been demonstrated repeatedly that the hepatic 
stores of this vitamin in ])atients with acute or chronic atrophy of the liver are 
consider, 'il)!y reduced.'’ It became necessary, therefore, to measure the concen- 
tration of vitamin A in si)ecimens of liver procured from the patients with gastro- 
intestinal cancer who were subjected to kaparotomy. These measurements were 
ma(ie by a technic described in an earlier commnnic.ition.*'' 

No significant difference was found between the content of vitamin A in the 
livers of 14 patients with gastrointestinal cancer and that in the livers of 21 persons 
wlio died suddenly as a result of accident or of coronary thrombosis. The livers 
of tile subjects used as controls were obtained within three hours after death. 
For the ji.atients with cancer of the gastrointestinal tract the hepatic concentration 
of vitamin A ranged from 99 to 2,236 and averaged 697 U. S. P. units per gram of 
wei tissue. For the 21 control subjects the hepatic content of the vitamin ranged 
irom 180 to 1,302 and averaged 722 U. S. P. units per gram of wet tissue. In 
only 2 of the 14 patients was the hepatic concentration of vitamin A below the 
normal range. On the other hand, the level of vitamin A in the plasma of 11 of 
the 14 jiatients was determined and was found to be abnormally low in all but 
instance. Eight of the 11 had abnormally low jilasma levels of the vitamin asso- 
ciated apparently with a normal ability to store it (table 2). 

The administration of vitamin A in amounts adequate to raise the low leyc 
in the plasma of patients not having gastrointcstin.al cancer had only an irregu ar 
effect on the plasma levels in patients with the disease.^ Plowcvcr, other substance 
were found which could influence appreciably the abnormally low level of 
A in the plasma of patients with cancer of the gastrointestinal tract. wsc 

4. Sherman. II. C., nucl Boynton, L. C. : Qiianlitalive Espcriincnt,'; on the Occurrence an 

Distribution of Vitamin A in the Body, J. Am. Chem. Soc. 47:1646, 1925. mniciit 

5. Ralli, E. P.: Pnpper, E.; Paley, K., .and Bauman, E.: Vitamin A ,i ,^„(1 

of Human Liver in Normal and in Di.seascd Subjects; An Analysis of One li 

Sixteen Livers. Arch. Int. Med. 68:102 (July) 3941. in 

6 Ahels T. C.; Gorham, A. T.: P.ack, G. T., and Rhoads. C. P.t Metahohe Studies m 
P.atiait^ with Gastroinlestinai Cancer; 111. The Hepatic Concentrations of Vitamin A. I 
Soc Exper. Biol. & Med. 48:488. 1941. 
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substances were brewers’ yeast, lipocaic and choline chloride — themselves free of 
carotenoids. 

All of 17 patients with gastrointestinal cancer who received 90 Gm. of yeast 
daily for from four to thirty-two days showed a sustained elevation of the plasma 
level of vitamin A. Likewise the daily administration of Gm. of lipocaic to 7 
patients with gastrointestinal cancer for from four to eighteen day.s was followed 
in 6 instances bv significant, sustained elevations of the plasma levels of the vitamin. 
Since the possi'bilitv exists that both yeast and lipocaic are effective because they 
contain substances with lipotropic activity, a simple compound with known lipo- 
tropic properties, choline chloride, was used. It was administered to 7 patients 
with gastrointestinal cancer, and during the daily ingestion of 1.5 Gm. for three days, 
significant but transitoiy rises in the fasting plasma levels of the vitamin were noted. 

The mechanism by which these agents increase the concentration of vitamin 
A in the peripheral blood is thus far unknown. The possibility of course exists 
that the lipotropic properties of the yeast, lipocaic and choline, which demobilize 
lipids from the liver, inav be responsible for the increased plasma content of fat- 


T.'vble 2 . — Coucciitratioii of PilaiKtii A in the Liver and the Plasma of Patients 
zoith Gastrointestinal Cancer 
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soluble vitamin A. This theoiy- is based on the assumption that the lipids in the 
fatty liver may withhold from the blood the fat-soluble vitamins. Chemical 
analysis, made in the laboratories of the iMemorial Hospital, of the hepatic tissue 
of patients with gastrointestinal cancer in fact does reveal a hisrh incidence of 
lepatic fatty infiltration." Of IS patients thus studied. 16 (or SS per cent) were 
ound to have a hepatic fat concentration above the reported normal range ^2.4 
to b.5 Gm. per hundred grams).® 

On the other hand, it is quite possible that the abnormal distribution of vitamin 

oehYeen the liver and the plasma of patients with gastrointestinal cancer is not 
ue siii.ph to the increased fat content of the liver and consequent!}' to its greater 


of the Rhoads, C. P. : Metabolic Studies in Patients with Cancer 

lion of til Tract : V II. The Influence of Gastric Surgerv on the Chemical Composi- 

Pack G T 1942. ib) Ariel, I.; Abels. J. C. ; Murphy, H. T. : 

inlestinal Tr Studies in Patients with Cancer of the Gastro- 

Gastroinfect'^^i V- Chemical Composition of the Liver, Especially in Patients with 

G. T and published, (c) Abels, J. C: Ariel, I. M.; Mu'rphy. H. T.; Pack, 

Tract- IV^Pff ^fetabohe Studies in Patients with Cancer of the Gastrointestinal 

Espcciallv tV n cf Dietary Constituents upon the Chemical Composition of the Liver, 
s. Rail- p Gastrointestinal Cancer, to be published, 

anti in Casp'c f r-' and Rinzler, S.: The Liver Lipids in Normal Human Livers 

-e. Cl Cirrhosis and Fatty Infiltration of the Liver, J. Clin. Investigation 20:93. 1941. 
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“hold” on fat-soluble substances. The fact that the excessively fatty livers of well 
nourished patients who suffer from chronic alcoholism frequently contain very 
small amounts of vitamin A argues against the hypothesis that the low plasma 
levels of the vitamin in patients with gastrointestinal cancer are due to the fatty 
livers.® Abnormal plasma levels of the vitamin, therefore, might be due rather to 
a hepatic d)^sfunction which prevents the normal distributioa of vitamin A between 
the liver and the plasma.® 

In summary, then, it has been found that the level of vitamin A in the plasma 
was below the normal range in 86 per cent of the patients with gastrointestinal 
cancer examined. In most instances this abnormality could not be explained by 
the existence of a dietar}’’ deficiency, by a malabsorption of the vitamin or by an 
inability of the liver of the patient to store vitamin A. The administration of yeast, 
lipocaic or choline was effective in raisitig the reduced plasma levels of vitamin 
A in these patients. The effect of these substances conceivably was due to their 
ability to demobilize lipids from the liver. A large number of patients with gastro- 
intestinal cancer do have fatty infiltration of the liver, and the increased fat content 
in turn may result in a retention of the fat-soluble vitamin A and consequently in 
a low level of the substance in the plasma. On the other hand, it is possible that a 
specific hepatic d 3 -sfunction in the metabolism of vitamin A prevents a normal 
distribution of the vitamin. 


B. THE INCIDENCE, NATURE AND CAUSE OF THE HVPOPROTEINEHIA ASSOCIATED 

WITH GASTROINTESTINAL CANCER 


Hypoproteinemia frequently results in serious clinical complications. Inter- 
ference with the healing of wounds, actual wound disruption, edema, altered gastro- 
intestinal motility, gastrointestinal obstruction, inci'eased susceptibility to the toxic 
effects of anesthetics and susceptibility to infection often can be attributed directly 
to an abnormall)f low protein level in the patient’s serum.^® Hypoproteinemia 
when present in patients with gastrointestinal cancer accordingly becomes an 
■especially important problem, because such patients frequently are subjected to 
prolonged anesthesia and to extensive surgical procedures. For this reason it 
became essential to ascertain the level of circulating serum proteins in the patients 
admitted to the gastric and rectal services of this hospital. 

Recent studies have indicated that in 547 normal adults the mean average 
serum protein level was 6.9 Gm. per hundred cubic centimenters, with a normal 
range of from 6.5 to 7.4 Gm. These values are in substantial agreement witi 
those found in the Memorial Hospital for 25 normal men and women, ivhose serum 
protein concentrations ranged from 6.6 to 7.8 Gm. per hundred cubic centimeters. 

In sharp contrast to these levels were those in the serum of 100 patients with 
gastric cancer.^® The average serum protein concentration of these patients vas 
only 6.2 Gm. per hundred cubic centimeters, and the values varied from 3.9 to . 


9. Moore, T.: Vitamin A and Carotene: VII. The Distribution of Vitamin A and 
Carotene in the Body of the Rat, Biochem. J. 25:275, 1931. _ , 

10. Whipple, G. H. : Hemoglobin and Plasma Proteins : Their Production, Utilization at 

Interrelation, Am. J. M. Sc. 203:477, 1942. ^ j rr-t, in 

11. Hill, R. H., and Trevorrow, V.: Plasma Albumin, Globulin and Fibrinogen 

Healthy Individuals from Birth to Adult Life, J. Lab. & Clin. Med. 26:1838, 1941. . , 

12. Ws, J. C.; Rekers, P. E.; Binkley, G. E.; Pack, G. T., and Rhoads, C. P.: Metabolic 
Studies in Patients with Cancer of the Gastrointestinal Tract: H. Hepatic Drsfunci , 

^"^L^Arief'l-T Rekers, P., and Pack, G. T.: Metabolic Studies in PaUents 

the Gastrointestinal Tract: X. Abnormalities in Protein Metabolism in Patients wi i 

Cancer, to be published. 
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Gm. Of the 100 patients cxainincd. 59 were found to have ahnonnally low levels. 
Thus, hypoproteineinia is an abnormality commonly associated with gastric cancer. 

The cause of the hypoproteincmia is still not entirely clear. The ntost obvious 
explanations were considered at first to be that (1 ) the patients with gastric cancer 
had taken deficient diets. (2) they sufiercd from continual or repeated bleeding, 
(3) there existed some metabolic abnormality which prevented the synthesis of 
serum proteins, (4) the patients could not absorb properly from their gastro- 
intestinal tracts the amino acids necessary for protein synthesis or (5) they 
destroyed abnormally great amounts of protein. 

The possible role of an inadequate dietary intake in the production of hypo- 
proteinemia was investigated for 93 of the 100 patients with gastric cancer. These 
patients were divided into three nutritional groups, in wln’ch there existed: (a) 
a minimal degree of dietary deficiency, (b) a moderate degree of dietan.- dcficienc}- 
and (c) a considerable degree of dietary deficiency. This division revealed that 
of the 93 patients 42 had onlv a minimal degree of dietary deficiency, yet 26 of 
the 42 had li\-poproteinemia. Moreover, of the 35 patients whose diets were 
moderately deficient, only 19 were In-poproteinemic, and of the 16 who suffered 
from a considerable degree of dietan' deficienev. onlv S had abnormallv low levels 

serum protein. Furthermore, at the low nutritional levels the duration of a 
deficient dietary intake was considerably less tor the subjects in whom hypo- 


T.\ele 3. — Degree and Duration of Dietary Defieicitey in Patients zAth Gastric Cancer 



Number ot 

Averace 

Number ot 

Averaee 


Patients with 

Duration ot 

Patients with 

Duration of 


Normal Serum 

Deficienev, 

Hypo- 

Deficiency, 

of Dietary Deficiency 

Protein Levels 

Weeks 

proteinetnia 

Weeks 

HinimaL . 

If. 


W 

22S 

lloderate.. . 

Coiisjd{j2bl«... 

3C 

s 

10.3 

12.1 

19 

6 

llA 

7,2 


pretememia developed than it was for those who retained a normal concentration 
of serum protein. Thus it would appear that there is no correlation bet\veen the 
existence of hypoproteincmia in the patients with gastric cancer and the duration 
and degree of dietarj- deficiency (table 3).^^ 

There is now considerable evidence to show that repeated bleeding can result 
not only in anemia but also in hypoproteincmia.’^ Since patients with gastric 
cancer frequently suffer from repeated or continual loss of blood, it was necessarj' 
^*^®osider this factor among the causes for In-poproteinemia. According!}', the 
ou patients with gastric cancer were divided into two groups: 42 who at some 
hme had manifested bleeding, and 58 in whose cases no histor}- or other evidence 
ot blood loss could be established. No significant difference, however, could be 
ound between the serum protein levels of these two groups. The mean average 
protein concentration in tlte serum of patients who lost blood was 6.1 Gm. per 
un red cubic centimeters, whereas that of those who did not was 6.2 Gm. per 
runured cubic centimeters.’^ 

^ pathologic processes frequently can induce a h^-poproteinemia charac- 

nzed by a depression of one or another of the serum protein fractions. For tliis 
i^ason It was believed that determination of tlie albumin and globulin concentration 
serum of patients with gastric cancer might provide some clue as to the 
, ot their h}-poproteinemic state. 


Production. Utilization and Interrelation of Blood Proteins— 
=.'ooin and Plasma Proteins, Proc. Inst. Med. Chicago 14:2, 1942. 
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The normal value of scrum albumin, determined for a group of 547 normal 
adults, rcccntl)^ has I)ccn reported to he 4.7 ±: 0.3 Gm. per Imndred cubic centi- 
metcrs.“ This value agrees well with that observed liere for a control group of 
25 persons (4.6 ± 0.7). Likewise, the average concentration of globulin in the 
serum of the controls has been found here to be 2.1 ±: 0.6 Gm. per hundred cubic 
centimeters, a figure which is in clo.se agreement witli that reported by other 
workers. “ 

By these standards it was found that the hypoproteinemia in 77 per cent of 
the patients with gastric cancer was principally due to a decreased albumin fraction 
(table 4). For 2S patients thus studied, the mean average serum albumin was 
found to be 3.8 ±: 0.62 Gm. per hundred cubic centimeters. All had concentrations 
of serum albumin below the normal average of 4.6 Gm. per hundred cubic centi- 
meters, and 65 per cent had concentrations below the normal range (table 4). 

No significant difi'erenccs were noted between the concentration of globulin in 
the serum of the patients with gastric cancer and that in the serum of persons used 
as controls. Hence it would appear that in patients with gastric cancer, there 
exists an abnormality in the maintenance and replacement of serum albumin. It is 
this defect, apparently, which accounts in most instances for the h3’^poproteinemia.^^ 

In turn, the inability of the patient with gastric cancer to fabricate albumin 
may be due either to an abnormality of protein metabolism in which the liver plays 

Table 4. — Concentrations of Scruvt Protein, Albumin nnd Globulin in Patients 

zvitit Gastric Cancer 


Totnl Protein, Albumin. Globulin, 

Subjects Gm. porlWCe. Gm. per ICO Cc. Gm. pcriOOCc. 

Control group 0.7 ±0.0 4.0 ±0.7 2.1 ±0.0 

Reported by Hin and i'revorroir *4 for norma! adults (>.!>±0.4 4.7 ±0.3 2.0±0.,3 

Patients with gastric cancer 0.2 ±0,7 S.S±0,G 2.2 ±0.4 


an important role or to an insufficient supp!)' of nitrogenous compounds. To 
date the best available evidence indicates that albumins are synthesized chiefly by 
the liver.'” The liver of a person who is hypoproteinemic on the basis of dietary 
deficiency readily can fabricate albumin from a proper mixture of amino acids, 
but the synthesis of protein from amino acids in the damaged liver may be alteied 
considerably.'® 

The data presented already have indicated that the hj'poproteinemia of the 
patients with gastric cancer probably was not due to a general dietar}”^ restriction. 
However, there was still the possibility that in these patients the absolution o 
amino acids might be impaired. This was substantiated.'" The ingestion of 25 Gm. 
of aminoacetic acid by a group of 6 control subjects in whom there was no evidence 
of gastrointestinal disease was followed by a maximum absorption of the compoun 
within the first hour. In contrast, it was observed after the administration o 
25 Gm. of aminoacetic acid to 6 patients with gastrointestinal cancer that the pea v 


15. Madden, S. C.. and Whipple, G. H.: Plasma Proteins: Their Source, Production and 

Utilization, Physiol. Rev. 20:194, 1940. , , 

16. Cates, H. B. ; The Relation of Liver Function to Cirrhosis' of the Liver ana i 

Alcoholism: Comparison of Results of Liver Function Tests with Degree of , 

in Cirrhosis of Liver and with Results of Such Tests in Persons with Alcoholism 
Cirrhosis of Liver, Arch. Int. Med. 67:383 (Feb.) 1941. Pntieiits 

17. Ariel, L; Jones, F.; Pack. G. T., and Rhoads C, P^ , ' PatTenfs wit!, 

with Cancer of the Gastro-Intestinal Tract: XII. Glycine Tolerance Test 

Gastric Cancer, Ann. Surg. 117:740 (May) 1943. 
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of absorption was considerably delayed in all. This delayed absorption of amino 
acids apparently does not depend merely on the pre.sence of or>tanic gastrointestinal 
disease, for a normal rate of absorption of aminoacetic acid was noted in 1 patient 
with atrophic gastritis. 1 with nuilliple gastric tilcers and 1 with gastric Boeck's 
sarcoid. Furthermore, normal .absoqition of this amino .acid was noted in .3 patients 
who had undergone gastrectomy. 

It would appear, therefore, that one cau.'C for the impaired production of 
protein by patients with gastric cancer m.ay he an inability to ah.sorh amino acids 
properly from the alimentary tract. Furtl’.ermorc. it is possible that the liver, 
perhaps because of hepatic dysfunction, cannot falsricate proteins at a proper rate 
or in sufficient amounts from the amino acids which have been ahsorlied. This 
h\-pothesis is supported by experimental ohsen-ations.'" Whereas the ingestion 
of 25 Gm. of aminoacetic acid increased the average concentration of amino acids 
Jn the serum of normal persons by 2.9 mg. per hundred cul)ic centimeters (range 
ot increase from 1.9 to 5.9 mg. per hundred culiic centimeters ). the average increase 
in the serum of 6 patients with gastric cancer was 0.6 mg. ( range of increase from 
"I-l to 8.8 mg.). A higli level of amino acids in the serum of a person given amino- 
acetic acid orally has been demonstrated to indicate inaliilitv of the liver to utilize 
that compound at a normal rate.’’* 

_ The possibility is still to be investigated that the hypoproteinemia of the patient 
mth gastric cancer may be due in part to an increased breakdown of protein. The 
total excretion of nitrogen of 10 patients with gastric cancer has been measured. 
When these patients were taking constant, known amounts of dietar>' protein, 
their dail}- excretion of nitrogen was no greater than that of normal persons on 
the same diet. These observations indicate that patients with gastric cancer do 
not have an abnormallv great loss of nitrogen. Studies of this nature now are 
being extended. 

In conclusion, therefore, it was found that 59 per cent of patients with gastric 
cancer suffer from hypoproteinemia. This abnormalit}’ probably cannot be ascribed 
to the fact that the patients studied suffered from a general dietan.- deficiency or 
from excess bleeding, but it more likely is due to a metabolic abnormalit}' which 
interferes with the maintenance and replacement of serum albumin. 

Since the serum albumins are fabricated chiefly by the liver, these obseiwations 
suggest that the hypoalbuminemia conceivably is due to hepatic dysfunction. The 
impaired absorption of amino acids from the alimentan.' tract of patients with 

gastric cancer probablv contributes to the establishment of the h\poproteinemic 
state. 

*c. hepatic dvsfuxctiox in f.\tiexts with gastrointestixal caxcer 

The evidence derived from the- studies thus far described suggests that patients 
'\ith gastrointestinal cancer suffer from hepatic insufficiency. This ewdence con- 
sists chieflj* of data showing that the patients apparently had a limited ability to 
istnbute vitamin A or to fabricate albumin — ^both known functions of a normal 
Her. Hence, it became desirable to investigate in greater detail other hepatic 
mictions of patients with cancer of the gastrointestinal tract and to correlate, if 
possible, the existence of hepatic dysfunction with the presence of the cancer. 

Accordingly, an estimation of hepatic function in each of 50 patients with 
gastrointest inal cancer was obtained from the results of tests which measured tlie 

Glvr^ Kirk, E. ; The .A.bilitj- of Nephritic Patients to Deaminize and Form Urea from Ingested 

.'Cine, J. Clin. Investigation 14:136, 1935. 
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ability of the liver to synthesize, store, conjugate and excrete metabolites. A 
similar study was made for purposes of comparison on 25 normal adults, on 21 
patients with oral leukoplakia, on 8 with atrophic gastritis and on 19 who had had 
a gastrointestinal cancer successfully removed by operation.*- 

Inasmuch as the liver performs multiple functions, it is reasonable to believe 
that no single test can measure adequate!}’’ the efficiency of the whole organ. After 
the measurement qualitatively, and when possible quantitatively, of various 
intermediary or end products of hepatic metabolism, a consideration of all the 
results may allow the detection of abnormal hepatic function. 

In this stud}’’ measurements of hepatic function were selected arbitrarily. The 
basis of their usefulness and reliability was presented in a previous communi- 
cation.^- Suffice it to say that hepatic abnormality was considered to be present 
in the persons examined when (1) the plasma prothrombin level was less than 
85 per cent of normal, (2) the serum bilirubin was above 1 mg. per hundred cubic 
centimeters, (3) the urinary excretion of glucuronates was less than 300 mg. per 
day, (4) the mean erythrocyte volume was greater than 94 cubic microns, (5) the 
free cholesterol was more than 33 per cent of the total, (6) the urinary excretion 


Table 5. — Comparison of the Results of Studies of Hepatie Function on Normal Persons 

and on Groups of Patients Studied 



Normals 

Leukoplakia 
of the Oral 
Mucous 
Membranes 

-itrophic 

Gastritis 

Cancer of 
the Gastro- 
intestinal 
Tract 

Cancer of 
the Gastro- 
intestinal Tract 
Removed 

Number of patients 

25 

21 

S 

50 

19 

Hepatomegaly 

0% 

209& 

37.5% 

42% 

16% 

Elevated serum bilirubin 

4% 

10% 

12.5% 

24% 

bio 

Decreased serum protein 

0% 

0% 

0% 

5S% 

bio 

Decreased plasma prothrombin 

4% 

25% 

0% 

5S% 

35% 

Impaired cholesterol esterification 

12% 

6% 

12.5% 

45% 

19% 

Increased mean corpuscular volume 
of erythrocytes 

S% 

20% 

0% 

60% 

23% 

34% 

Decreased plasma vitamin A 

i% 

10% 

0% 

00% 

Decreased urinary e.Kcretion of glucu- 
ronates 

8% 

24% 

12.57v 

55% 

14% 


of urobilinogen was more than 2.0 mg, per day when the fecal output of the pigment 
was normal and (7) hepatomegaly was demonstrable. 

By these criteria it was found that of the 25 normal adults 19 (76 per cent) 
had no hepatic abnormalities, 4 (16 per cent) had one such abnormality and ony 
2(8 per cent) had as many as two signs of hepatic insufficienc3L In sharp contrast 
to these results were those of a similar study of the 50 patients with gastrointestma 
cancer. Only 1 of this group was free of evidence of hepatic insufficiency; 7 ( 
per cent) had one, 13 (26 per cent) had two, 13 (26 per cent) had three, 11 ( 
per cent) had four, 3 (6 per cent) had five, and 2 (4 per cent) had six or more 

signs of hepatic dysfunction. , 

Measurements were likewise made of the hepatic function of 2 other groups o 
patients, 1 with atrophic gastritis and the other with oral leukoplakia, because t les 
patients probably resembled the patients with gastrointestinal cancer moi e c ^e y 
in age, dietar}’ and economic background than did the normal subjects, n o 
control groups the degree and extent of hepatic insufficiency were on y s ig i 
greater than in the normal persons, and considerably less than in patien s ■'v 

cancer of the alimentary tract (table 5). _ . . .wc with 

The occurrence of a considerable degree of hepatic dysfunction m pa i 
gastrointestinal cancer, therefore, would support the hypothesis that t e a no 
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levels of vitamin A and the hypoprotcincniia likewise were the result of altered 
hepatic function. It is of considerable interest to note that despite the high 
incidence of hepatic insufiicicncy inaiiifostcd by patients with gastrointestinal cancer 
the liver shows little or no moqihologic change. Of biopsy sitcciinens obtained 
from the livers of 55 patients with gastric cancer, 49 showed no pathologic changes ; 
of the remaining 6 specimens. 1 showed hepatitis. 2 fatty infiltration. 2 acute focal 
necrosis and 1 a mild fibrosis. In none of the 55 specimens was there enough 
parenchymal destruction to suggest the considerable hepatic insufiiciency noted in 
patients with gastrointestinal cancer.' 

Although little or no morphologic evidence of damage was found in the biopsy 
specimens obtained from the livers of patients witli cancer of the gastrointestinal 
tract, nevertheless it is possible that the chemical composition of these livers was 
abnormal. It is now well proved tliat livers witli a liigli content of fat or a 
depleted store of glycogen arc particularly susceptible to damage by such agents 
as chloroform, phosphorus, arsenic and carbon tetrachloride. The association of 
hepatic dysfunction with an altered chemical composition of the liver already has 
been demonstrated in persons with chronic alcoholism.-^ 

Accordingly chemical analj-ses were made of biopsy specimens removed from 
the livers of IS fasting patients with gastric cancer. These specimens were obtained 
as soon as the abdomen was opened.’* .-\n adequate comparison of the findings with 
normal v-alues is, of course, impossible at this time because of a paucitv' of data 
on nonnal persons. 


The normal value of human hepatic glycogen probably is not known. The 
hepatic glycogen content of persons who received preoperatively large amounts or 
dextrose has been stated to range from 3.1 to 6.7 Gm. per hundred grams.-^ The 
hepatic glycogen of 4 patients wth non-neoplastic gastrointestinal disorders, deter- 
nnned in our laboratories, averaged 2.2S Gm. per hundred grams and varied from 
1-30 to 3.55 Gm. (table 6). A slightly higher average value was obtained for the 
gbcogen content in the livers of the 18 patients with gastric cancer, 2.91 Gm. per 
hundred grams, and the range for these livers was from 1.0 to 7.3 Gm. However, 
under the stress of the operation the content of hepatic glvcogen is decreased con- 
siderably.'“ In 10 instances in which the glycogen was determined in sections 
removed for biopsy at the beginning and at the end of an operation, all showed a 
^significant decrease in the content of the carbohydrate. The average loss of 
§3 cogen of these 10 patients was 1.96 Gm. per hundred grams, and the range 
0 loss was from 0.75 to 3.81 Gm. This decrease represented an average of 37 
per cent of the glycogen present at the beginning of the operation. 

By the preoperative administration of dextrose, it was possible to increase tlie 
patic glycogen content of 11 patients with gastric cancer to an average concen- 
tration of 4.39 Gm. per hundred grams, a concentration considerably less than 


19. Goldschmidt, S.; Vars, H. II., and Ravdin, I. S. : The Influence of Foodstuffs upon 
''^'-cptibilih’- of the Liver to Injury bv Chloroform and the Probable ^Mechanism of Their 
ctions, J. Clin. Investigation 18:277, 1939*. 

Prm^' 3V. J., and Hawkins, W. B. : Arsphenamine Liver Injury- Hodified by Diet: 

^ein and Carbohydrate Protective, but Fat Injurious, Am. T. M. Sc. 199:216, 1940. 

-1. Ralli, Rubin and Rinzler.® Aladden and Whipple.^^ 
the W ^IscInWre, D. S. ; Pedersen, S., and iladdock, W’. G. ; The Glvcogen Content of 
Schidw” 10:716, 1941. (b) Ravdin, I. S. ; Vars, H. M.; Thorogood. E.; 

'■enous 'ri ’ Johnson, T. : The Liver Gh'cogen and Lipid Concentrations Following Intra- 
r, lucose Administration and Diet in the Dog and Man in the Presence of Liver Damage. 
Surg. 114:1018, 1941. 
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that obtained after similar treatment in 6 patients with non-neoplastic gastro- 
intestinal disease (7,35 Gm. per hundred grams), and with that obtained else- 
where.'*'^ 

Determinations of human hepatic protein, albumin and globulin, were made 
by an adaptation of the method of Robinson, Price and Hogden.-^ The details 
of that technic were reported in an earlier communication.' It is to be emphasized, 
however, that by the terms hepatic “albumin” and “globulin” are meant only those 
fractions which can be separated by precipitation with a 22 per cent solution of 
sodium sulfate at 37 C. It is not implied that these fractions exist as such in the 
liver or are identical with the albumin and globulin of the serum. 

By this technic the average protein content in the livers of 4 patients with 
non-neoplastic gastrointestinal disease was found to be 14.6 Gm. and the range from 

11.4 to 16.6 Gm, per hundred grams; the “albumin” averaged 3,65 Gm. and ranged 


Table 6. — The Chemical Composition oj the Human Liver 


Glycopcn, Fat. Protein, Albumin, Globulin. 

Gm. per Gm. per Gm. per Gm. per Gm. per 

300 Gm. 300 Gm. 300 Gm. 300 Gm. 300 Gm. 
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4 patients with non-ncopinstie gas- 
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2.28 

C.2- 

13.8 
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3.0- 

3.05 

0.7- 

10.47 

trolntcstinnl disease 

3.55 


17.0 


3C.0 


4.7 


34.05 


C patients with non-neoplastic gas- 

5.25- 

7.35 

2.3- 

0.39 

33.4- 
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3.5- 

3.10 

8.9- 

31.31 
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ative dextrose (250 Gm.) 

9.45 
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4.4 
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38 patients with trastrolntcstlnal can- 

3.0- 

2.01 

5.3- 

37.47 

32.9- 

30.37 

3.2- 

5.27 

8.0- 

30.59 
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7.3 


35.0 


37.95 


8.05 


34.0 


33 patients with gastrointestinal can- 

2.3- 

4.30 

3.9- 

7.24 
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3.0- 

4.CS 
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from 1.05 to 4.7 Gm,, and the “globulin” averaged 10.24 Gm. and ranged from 6.7 to 

14.05 Gm. No significant difference appeared to exist between these values and 
the corresponding values which were obtained for a group of 18 patients with gastric 
cancer. The total protein in the livers of these patients ranged from 12.9 to 
17.9 Gm. and averaged 16.17 Gm. per hundred grams; the “albumin” ranged from 
3.2 to 8,05 Gm. and averaged 5.27 Gm., and the “globulin” ranged from 8.0 to 

14.6 Gm. and averaged 10.59 Gm. Moreover, no correlation could be found 
between the concentration of protein in the liver and that in the serum of the 
patients studied.’'*’ 

It is interesting to note that the liver apparently does not contain large stores 
of “albumin,” Assuming an average weight of the liver of 1,500 Gm., the average 
concentration of 4.1 Gm. per hundred grams obtained for hepatic "albuinin’ woul 
signify a total of only 61.5 Gm. of protein, or about one fourth of the ainount o 
protein of the normal circulating serum albumin. Thus, if the “albumins of tie 


23. Robinson, H. W.; Price, J., and Hogden, C. G.: 
Globulin in Serum: I. A Study of the Errors Involved in 
Chem. 120:481, 1937. 
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S55 


ABELS ET AL.—CAXCER OF GASTROIXTESTI.XAL TRACT 


liver are similar to those of the scrum or are converted readily into that fraction, 
the store they constitute for replacement of scrum alhumin is a small one. 

The lipid content of 100 normal human livers obtained within a few hours after 
accidental death has been reported to ran.uc from 2.42 to S.50 Gm. and average 
4.98 Gin. per hundred grams.'' By these standards it was found that 15 of IS 
patients with gastric cancer had abnormally high values of hepatic lipid (greater 
than 8.50 Gm. per hundred grams i. The average lipid content in the livers of 
these patients, who were made to fast preoperativcly. was 17.27 Gm. and the 
range from 5.30 to 35.0 Gm. per hundred grams of wet tissue. 

However, not onlv do patients with gastrointestinal cancer have an abnormally 
high content of hepatic lipid, but the abnormality frequently may be aggravated 
further by the operative procedures which they undergo.'" Of 1 1 patients from 
whose livers biopsy specimens were obtained at the beginning and at the conclusion 
of a three hour operation, 7 had an increase in the fat content of the liver at the end 
of the operation. The average increase of the hepatic lipid was 1.95 Gm. per 
hundred grams, and the range of increase was from 1.0 to 3.2 Gm. per hundred 
grams. These alterations probablv represent an influx of fat to livers already so 
damaged as to be unable to metabolize it. The concentration of fat in the livers 
of the remaining 4 patients did not rise. 

The possibility was considered that since fat is mobilized into the liver during 
stan-ation,'" the usual twelve to eighteen hour preoperative fast might per se accomit 
for the high content of lipid in the livers of the patients with gastric cancer. For 
that reason, 17 patients, 11 with gastric cancer and 6 with benign gastrointestinal 
lesions, each was given 250 Gm. of dextrose during the ten hours preceding opera- 
tion. After this therapy the lipid content in the livers of the 6 patients with benign 
lesions was within normal limits and averaged 6.19 Gm. per hundred grams; that 
ot the 11 patients with gastric cancer was 7.24 Gm. per hundred grams. These 
findings, therefore, suggest that the deposits of fat in the livers of patients with 
gastnc cancer may be decreased by the preoperative ingestion of sugar. 

The same effect can be accomplished in these patients by the preoperative 
administration of lipocaic. In 1 1 patients with gastrointestinal cancer who received 
Q material preoperativcly, the average fat content of the livers was only 

•oa Gm. per hundred grams. The effect of lipocaic probably was not due to its 
content of choline, but might be due to its inositol component (table 6).'" 

That the presence of gastrointestinal cancer, even when it is restricted to its 
site of origin, p]a 3 "s a significant role in tlie development of the hepatic insufificienc)’ 
IS shown by the fact that patients who have had a gastrointestinal cancer removed 
^'■e considerabl}’ less evidence of hepatic dysfunction tlian do those who still 
^r cancer.^- Studies of hepatic function now have been made on 19 patients 
' ose gastrointestinal cancer was removed successfully and who had survived free 
0 disease for from two months to ten years after operation. The results indicate 
of these 19 patients, 32 per cent had no evidence of hepatic insufficiency, 48 
per cent had only one such evidence and 20 per cent had two hepatic abnormalities. 

uci a difference in the degree and extent of hepatic insufficienc}- between the 
patients with gastrointestinal cancer and tliose who have had such a lesion surgicalh' 
removed strong!}- suggests tliat the verv- presence of the cancer imposes on tlie liver 
dv-sfunction which is in part reversible. Whether or not the removal 
re gastrointestinal cancer also is followed bv- a decreased content of fat and an 
‘1 • amount of glycogen in the liver is not known. Experiments to secure 

^ris information now are under way. 

^ analogous situation has been noted in animals with hepatomas induced by 
^^rcinogen dimethv-laminoazobenzene (butter v-ellow). The verv- presence of 
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the tumor in the organism, even when transplanted to a structure considerably 
distant from the liver, results in severe hepatic dysfunction, as indicated by a 
considerable depression in the syntiiesis of certain enzymes by the liver. The 
excision of “butter yellow tumors” is followed quickly by a return of normal 
hepatic function.-'* 

The fact that hepatic insufficiency is so closely associated with the presence of 
gastrointestinal cancer bears repeated emphasis. Patients with cancer of the 
gastrointestinal tract frequently are subjected to prolonged anesthesia and extensive 
surgical procedures, which are injurious even to normal livers.-' It is reasonable 
to believe that further injury to an alread}' damaged organ might give rise to 
serious problems during the course of the operation and in postoperative care.''“ 

Even in the normal person, the administration of certain anesthetics and 
manipulation of the liver have been shown to induce a transitory hepatic insuf- 
ficiency. The normal liver ^\d!l recover completely from these effects, but the 
damaged organ, further impaired by toxic agents, may not return even to its 
previously reduced functional capacity. Some of the patients herein reported on 

Table 7. — The Effect of Loss of Blood on the Sice of the Erythrocytes of Patients 

zolth Gastrointestinal Cancer 


Percentaec oi Patients -with 

— - — — 't 

Macrocytosis, Xomocytosls, Microcytosis. 

Mean Corpus- Jlean Corpus- Mean Corpus- 
cular Volume cular Volume cular Volume 

Greater than SO to 91 less than 


Patients 91 Cubic Microns Cubic Microns 80 Cubic Microns 

39 irith loss Oi blood SO SS 10 

17 without loss of blood 12.3 19 S.S 


not only received inhalation anesthetics but were given combinations of large 
amounts of barbiturates both by mouth and intravenously. These drugs, known 
to be detoxified by the liver,-® probably impose an added load on an already 
damaged organ. 

The occurrence of hypoproteinemia, especially when due to impaired hepatic 
fabrication of protein, is not to be considered a transient phenomenon. Hypo- 
proteinemia in patients with gastrointestinal cancer represents a serious compli- 
cation which frequently can be treated only by direct replacement of the serum 
proteins. The high incidence (10 per cent) of wound disruption in a group of 
SO patients with gastrointestinal cancer who were hypoproteinemic testifies to the 
seriousness of the problem at hand.*- 

The high incidence of anemia (73 per cent) in patients with gastrointestinal 
cancer probably plays an important role in their postoperative course. The anemia 
in 91 per cent of these patients is either macrocytic or normocytic and usually is 
refractory to therapy (table 7 )}^ 

24. Maver, M. E.; Mider, G. B.; Johnson, J. M., and Thompson, J. The Comparath'c 
Proteinase and Peptidase Activities of Rat Hepatoma and Normal and Regenerating Rat Lnc , 
J, Nat. Cancer Inst. 2:277, 1941. 

25. (a) Miller, L. L., and Whipple, G. H. : Chloroform Liver Injury Increases as I roU'” 
Stores Decrease: Studies in Nitrogen Metabolism in These Dogs, Am. J- M. 

1940. ib) Lord, J. W., Jr.; Andrus, W. De W., and Moore, R. A.: Mefabohsm of Wtami 
K and Role of the Liver in Production of Prothrombin in Animals, Arch. Surg. 41. a t l • 

1940. , • , f 

26. Wilder, R. M., and Wilbur, D. L.: Diseases of Metabolism and Nutrition: .Review o 

Certain Recent Contributions, Arch. Int. Med. 61:297 (Feb.) 1938. 
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Evidently tlic elcniciu of loss of blood influenced but little the type and degree 
of anemia present in the patients with gastrointestinal cancer, for the ineidence 
of macrocytosis and of microcytosis was as great among patients who had sufTered 
loss of blood as among those who had not (table 7). That anemia can be induced 
by improper synthesis of hemoglobin from protein already has been demonstrated 
in patients with acute in jur}- to the liver or with cirrhosis.’® It is therefore probable 
that tlie macrocytic or normocytic anemia found in the patients with gastrointestinal 
cancer likewise was secondary to hepatic dysfunction and deranged protein 
metabolism. 

A further serious consequence of hepatic dysfunction in patients with gastro- 
intestinal cancer is the factor of hypoprothrombincmia. In contrast to the hypo- 
prothrombinemia due to nutritional deficiency or malabsorption of vitamin K, that 
whicli exists in patients with hepatic disease is refractory even to the parenteral 
administration of large amounts of the vitamin. This observation recently has 
been confirmed here. too. in 6 patients with cancer of the stomach and in 25 
patients irith cancer of the large bowel."' Furthermore, the severity of the hypo- 
protlirombineniia-with few exceptions is increased during and after the operative 
procedure — often to a point where bleeding tendencies may ensue. At present it 
would appear that the only means at hand to combat this complication are those 
directed toward a general improvement of the hepatic dysfunction. 

In conclusion, therefore, patients with cancer of the gastrointestinal tract were 
lound to have a high incidence of hepatic dysfunction. This dysfunction may 
account for tlie fact that such patients become unable to distribute vitamin A 
properly and frequently suffer from hypoproteinemia. Although no morphologic 
clianges were noted in the livers of most of the patients, chemical analysis of the 
tissue often revealed an abnormal content of hepatic lipid. 

The existence of hepatic dysfunction in patients with gastrointestinal cancer 
IS especially important because of the augmented hazard it imposes on tlieir 
operative and postoperative course. Delayed wound healing, refractor}' anemia 
and hypoprothrombinemia, impaired fabrication of protein and tendency to infec- 
tions may all be associated with hepatic insufficiency and possibly may be directly 
to it. iloreover. the surgical manipulation and the anesthesia which these 
patients undergo produce further hepatic insufficiency, deprive the liver of its store 
01 ghcogen, and often infiltrate the tissue with fat. 


D. METABOLIC .-^BNOKM.^LITIES OF THE POSTOPERATI^•E PERIOD 

Although many of tlie metabolic abnormalities found in patients with gastro- 
intestinal cancer subside after the surgical removal of the lesion, tliese patients 
nei ertheless often have a prolonged and difficult postoperative course. Loss of 
■"eight, dyspepsia, hypoprothrombinemia and refractory- anemia are especially 
racteristic of the postoperative period of patients who undergo gastric resection. 

of V After Total Gastrectomy . — In order to ascertain the cause 

le postoperative complications, it became necessary to investigate the abilit}' 
^ le patients to digest and absorb from the alimentaiy- tract simple dietaiy- con- 
uents. Thus far, of these dietaiy- constituents, a detailed study has been made 
11 } of the absorption of fat by the patients who underwent gastrectomy and by 
group of persons used as controls."® 

9^- T C-l Binkley, G. E., and Rhoads. C. P. : Unpublished data, 

with Ct J. C. and Rhoads, C. P. : Metabolic Abnormalities in Patients 

‘leer of the Gastro-Intestinal Tract: ItL Fat Metabolism; a Method of Studi', J- Clin. 


(Footnote continued on Paoc) 
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The absorption of fat from the gastrointestinal tracts of the subjects studied 
was determined by the direct measurement of the fat excreted in the stools. Fifty- 
four stool specimens of from one to four day periods were collected from 8 control 
subjects. These persons ate daily basal diets rvhich contained from 35 to 80 Gm. 
of fat. The lipid content of their stool specimens varied from 1.0 to 6.5 Gm. per 
day, and the average amount of fat excreted by each individual varied from 2.1 to 
5.1 Gm. per day. 

In marked contrast to these values were the amounts of fecal lipid excreted 
by 3 patients who had survived total gastrectomies for from six to eighteen months. 
Although they had taken a diet which contained only 40 Gm. of fat, their output 
of fecal fat in all of 13 specimens collected over periods of from three to four days 
was greater than the largest amount excreted by any one of the control subjects. 
The amount of fat in the stools of 3 gastrectomized patients was found to vary 
from 7.9 to 53.5 Gm. per day and averaged 15.6 Gm. per day, or about five times 
the average control value. 

This increased excretion of fat readily was shown to be of dietar}'' origin. One 
of the 3 patients was given a fat-free diet for fourteen days, during which time 
his fecal lipid output fell from 39 to 6 Gm. per day. The addition at that time 
of 40 Gm. of fat to his diet was followed immediately by e.xcretion of about 34 Gm. 
of lipid per day. 

As the cause of the steatorrhea, the following factors were considered: 

1. Intestinal motility: Since the patients lacked a stomach, they no longer 
had a proper regulator}^ mechanism for the flow of food through the intestines. 
However, it was found that a patient who had undergone a subtotal gastrectomy 
but who retained the pyloric third of the organ likewise excreted abnormally large 
amounts of fecal fat (from 13 to 18 Gm, per day). Furthermore, roentgenographic 
examination of the 3 patients who had undergone total gastrectomy did not reveal 
abnormally increased intestinal motility. In 2 of the 3 patients small intestinal 
pouches with a capacity of about 200 cc. were observed. 

2. Lack of gastric secretion: The steatorrhea was also explained as being 
due to a lack of gastric secretion. This explanation, however, probably was not 
valid, for although the patient who underwent a subtotal gastrectomy had a con- 
siderable loss of fat in his stools, he did have normal amounts of free and combined 
hydrochloric acid in his gastric juice. Moreover, the daily addition of 33 Gm. of 
stomach U. S. P. (as a source of antianemia intrinsic factor) daily for ten days to the 
diet of 1 of the patients who had undergone a total gastrectomy was not followed by 
any decreased excretion of fat. 

3. Presence of gastric cancer: The possibility next was investigated that the 
previous existence of the gastric cancer had induced the development of steatorrhea. 
This theory, however, was not tenable, for the fecal excretion of lipid by a patient 
with a gastric cancer in situ was found to be within normal limits. This patient 
excreted from 5.2 to 8.9 Gm. per day while taking a diet which contained 90 Gm. 
of fat. 

4. Deficiency of bile salts : A deficiency of bile salts in the intestines and con- 
sequent impairment of lipid absorption never was considered very seriously as a 
cause for the steatorrhea. None of the 3 patients who had total gastrectomy had 
had any operation on the biliary tract, none had acholic stools at any time and, 

Investigation 22:243, 1943. Rekers, P. E.; Pack, G. T., and Rhoads, C. P.: Metabolic 
Abnormalities in Patients with Cancer of the Gastro-Intestina! Tract; VI. Disorders in 
Digestion and Absorption in Patients Who Have Undergone Total Gastrectomy, Surg., Gynec. & 
Obst., to be published. 
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finally, the addition of 4 (jin. of bile salts per day to tlic diet of 1 of tlie 3 increased 
tlie daily excretion of fat from 22 to 33 Gm. 

5. Pancreatic function : Of the numerous possiltle causes for the existence 
of steatorrhea, the most likely appeared to he an inability of the patients to digest 
the dietara- fat for its proper absorption through the gastrointestinal mucosa. 
Unfortunately, it was not feasible to ascertain the validity of this hypothesis by 
direct measurement of neutral fat and of fatty acids in the stools. Evidence was 
provided, however, which strongly suggested that the patients subjected to total 
gastrectomy no longer were able to digest fat. This evidence consisted of the 
observation that the daily oral administration of 25 (3m. of pancreatic enzymes to I 
of the 3 patients reduced his fecal output of fat from 20 (3m. to the almost normal 
value of 7.5 Gm. per day. The withdrawal of the pancreatic enzymes from the 
diet was followed within a few days by the reappearance of the steatorrhea. These 
observations still are to be conftnned in other patients who have undergone gastrec- 
tomy. It is interesting to note that the daily administration of 6 Gm. of lipocaic. 
a lipotropic material obtained from the pancreas, to 1 of the 3 patients for ten 
days was without effect on the steatorrhea. 


6. Effect of dietary protein : There is some reason to believe that the absorption 
of one or another dietary constituent from the gastrointestinal tract may be influ- 
enced by their relative proportion in the diet. For that reason, the diet of the 3 
patients u-ith steatorrhea was supplemented for fourteen days with from 70 to 
100 Gm. of protein in the form of cooked beef. In 2 of the 3 patients this increased 
ingestion of protein was followed by a fall in the fecal output of lipid from 13.0 and 
12.0 Gm. to 3.4 and 6.S Gm. per day. (On the other hand, a single addition of 
100 Gm. of dextrose to the diet of the 3 patients had no effect whatever on the 
severit}’- of the steatorrhea. 

In summar}', of 3 patients subjected to total gastrectomy and 1 subjected to 
subtotal gastrectomy for the excision of gastric cancer, all suffered from steatorrhea. 
This steatorrhea apparently is related to the dietaiv' content of fat. and possibly 
ot protein, and to the fat-splitting pancreatic enzymes. It is especially interesting 
hiat no organic disease of the pancreas was suspected in these patients. Certainly 
It IS conceivable that the loss of weight, the dyspeptic symptoms and perhaps an 
eventual deficiency of fat-soluble vitamins could be attributed to steatorrhea. 


2. Postoperative Hypoprothrombincmia . — study of the levels of prothrombin 
in the plasma of 25 patients with cancer of the lower part of the gastrointestinal 
tract who were subjected to surgical procedures revealed that in 19 instances 
the plasma protlirombin level had fallen to from 4 to 54 per cent of the preoperative 
concentration. Whereas preoperatively IS patients had hvpoprothrombinemia, 
'vithin the first three days ^ter operation this abnormality was noted in 24.-' 

Unfortunately, the hypoprothrombinemia of patients with cancer of the lower 
part of the gastrointestinal tract does not respond well to the parenteral administra- 
tion of vitamin K. All of the 25 patients received intramuscularly from 4 to 
6 mg. of menadione during the first ten postoperative days. At the end of this 
time, tlie plasma prothrombin levels increased moderately in 10 instances, did not 
change in 7 and actually decreased further in S. Despite the fact that there was an 
elevation of the level of prothrombin in the plasma of 10 patients. 23 of the 25 
(92 per cent) still had significant degrees of hypoprothrombinemia."' 

Furthermore, it appears that the frequent h\-poprothrombinemia in patients 
whose gastrointestinal cancer had been removed may persist for several months, 
n another group of 19 patients who were free of disease for from tivo montlis 
to ten years after the surgical excision of a gastrointestinal cancer. 6 still had 
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abnormally low plasma levels of prothrombin. The incidence of other hepatic 
abnormalities was considerably less than that of the persistent hypoprothrom- 
binemia.^- 

3. Postoperative Anemia . — Although the degree and incidence of anemia in 
patients whose gastrointestinal neoplasms have been removed have been found to 
be less than in patients still bearing the tumors, a mild degree of anemia frequently 
may persist. This is especiall)'^ the case in patients subjected to a gastric surgical 
operation. For 9 patients who underwent subtotal gastric resections and 3 who 
underwent total resections six months to ten years previous to this study, the mean 
hemoglobin content was found to be 75.5 per cent with a range of from 63.3 to 87.7 
per cent. The mean average red cell count was 3,910,000, with a range of from 
3,320,000 to 4,350,000. Of all the 12 patients, 6 had a hemoglobin content below 
80 per cent, 3 had a red cell count below 4,000,000 and 2 had macrocytosis. 

The fact that the mean hemoglobin content and the red cell count of the patients 
who have undergone gastric resection are greater than those of the patients whose 
cancer has not been removed suggests some improvement in hemopoiesis. 

COXCLUSIOKS 

In conclusion, then, it would appear that patients Avith gastrointestinal cancer 
suffer from several metabolic abnormalities which may endanger their operative 
and postoperative course. Many of these abnormalities probably are related to 
hepatic insufficiency, Avhich probably is induced by the very presence of the gastro- 
intestinal neoplasm. The removal of the cancer often is followed by a disappear- 
ance of the metabolic d 3 ’scrasias, principally that which involves the fabrication 
of serum protein. However, other d 3 'sfunctions, of which hypoprothrombinemia 
is the most prominent, persist well into the postoperative period. Total, and perhaps 
subtotal gastric resection, although necessary for the surgical treatment of the 
patient, may institute a new metabolic disturbance — steatorrhea and consequent 
loss of weight. 

A proper recognition of these preoperative and postoperative complications 
should be necessary for the best treatment of the patient with gastrointestinal 
cancer. While it ma 3 ’' be impossible at the present time to counteract all of these 
abnormalities, man 3 ^ can be corrected in time to prcA^ent serious consequences. 

155 East Seventy-Second Street, 

444 East Sixty-Eighth Street. 



MISTAKES AND MISUNDERSTANDINGS IN THE 
ROENTGENOLOGIC DIAGNOSIS OF 
GASTRIC CANCER 
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Lest any one niisapprehcncl the purpose of this paper, let it be said at the 
outset that ^vhat follows is not designed to be a defense of the roentgenologic 
method or an apology for its shortcomings. Neither is needed, for the general 
efficiency and reliability of roentgenologic e.xamination in disclosing and identi- 
mng cancer of the stomach cannot be impugned, and it is safe to say that no 
practirioner of modern medicine would consider any diagnosis or exclusion of 
cancer to be complete and convincing without the roentgenologic opinion. Yet 
there are real errors, such as failures to discover lesions or to predict their true 
character, and apparent errors, which in fact are only misunderstandings as to 
the implications of certain roentgenologic reports. Although the proportion of 
these actual and fancied lapses is not large, they are sometimes made the basis 
ot e.xpressed or implied criticism that from the viewpoint of the roentgenologist 
does not appear to be fair or constructive. From one angle of view such criticism 
Wight be regarded as complimentary, in that it may imply expectation of perfec- 
tion in the roentgenologic diagnosis of cancer. But the roentgenologist does not 
lay any claim to infallibility and is more than willing to point out his mistakes, 
whether proved or imagined, in the hope of promoting a frank and clear under- 
standing with his clinical and surgical colleagues. 

. One variet}' of error that is utterly indefensible is failure to discover any 
existing gastric cancer, whatever its size, situation or morphologic characteristics 
he. Roentgenologic e.xamination will exhibit any gastric lesion that is 
eapable of producing symptoms or that can be seen macroscopically. and failure 
to discern it should be charged to the examiner, not to the method. Even so, 
cancers occasionally are overlooked, not only by noHces but by thoroughly experi- 
enced examiners, and extensive lesions as well as small ones may escape discover}'. 
^ ost of these errors arise from a small but potent cause — a moment’s distraction 
uring the process of examination or neglect to apply a minor technical detail — 
e inentable human negligence like that which sometimes results in a missed 
c inical diagnosis or needless fatalit}- from operation. 

Clinicians and surgeons, knowing as they do that roentgenologic methods are 
capable of demonstrating cancers having a diameter of only a few millimeters, 
Uutless wonder how any gross cancer could elude even the most casual roent- 
genologic inspection. It is true that the large, soft cancers deform the stomach 
tV. their presence should always be obHous ; but scirrhous cancer, even 

ough fairly extensive, may not distort the lumen noticeably, and unless the 
examiner studies the mucosal relief he may not discover the lesion. Often a cancer 
clotiT " discovered unless the region of the gas bubble is inspected 

se } . However, while an explanation for some errors of omission can be 
thev*^°' really excusable, and in extenuation it can be said only that 

, - relatively rare, for probably less than 1 per cent of cancers pass unseen 


relatively rare, for probably less than 1 per 
roent genologic methods are employed. 

From the Section on Roentgenology", the ilayo Clinic. 
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More common are the failures, mistakes and misunderstandings in the roent- 
genologic differential diagnosis of cancer from benign lesions. Small lesions in 
the juxtapyloric segment of the stomach are notoriously hard to identify specifically, 
and they account for most of the incomplete diagnoses of gastric disease. Hyper- 
trophy of the pyloric muscle, h3'pertrophic rugae, some duodenal ulcers, benign 
gastric ulcer with accompanying spasm and small prepyloric cancers all produce 
elongation and narrowing of the pyloric canal, so that all these lesions and condi- 
tions look much alike. Hypertroph)- of the p\doric muscle or of the antral rugae 
usually can be distinguished and specificalh' diagnosed. It might be supposed 
that recognition or exclusion of duodenal ulcer would also be easy, for roent- 
genologic examination is particularly reliable in this field, but in occasional instances 
the duodenal bulb is so markedl}'' narrowed directly or indirectly by the ulcer or 
so inadequate!}' filled with barium that the situation of the p}dorus cannot be 
determined and the examiner cannot tell whether the lesion is prepyloric or post- 
plyoric and hence is unable to predict its nature. Such duodenal ulcers, together 
with the prepyloric gastric ulcers atid cancers, many of which cannot be identified 
confidently or at all, often oblige the examiner to return a nonspecific diagnosis 
of “lesion at the outlet.” He thus assumes that his colleagues are aware of the 
reasons for his lack of precision and will appreciate the fact that the diagnosis is 
positive at least as to the existence of disease and its ju.xtapyloric situation. Fur- 
thermore, if he attempts to distinguish malignant from benign prepyloric lesions 
and errs, he expects the error to be regarded tolerantly. 

But the aggregate of incomplete and wrong diagnoses is small in comparison 
with the number of misunderstandings by clinicians and surgeons as to the reser- 
vatiojis implicit in certain roentgenologic diagnoses and reports. Most of these 
misunderstandings arise from diagnoses of benign tumors of the stomach and 
gastric ulcer and reports as to the operability of gastric cancers. 

Benign intragastric neoplasms commonly have gross characteristics that favor 
roentgenologic identification, for most of them are smoothl}' ovoid polyps with 
only superficial ulceration, if any, and thus contrast strongly with the malignant 
tumors, which usually have noticeably irregular surfaces produced by deep ulcera- 
tion and are not often pedunculated. Although the essentially nonmalignant new 
growths are made up principally of adenomatous, fibrous or other benign tissues, 
thorough sectioning and microscopic examination often reveal a limited region in 
which there are malignant cells. The roentgenologist feels warranted in diagnosing 
such tumors as benign because they are chiefly so, and he assumes that the rather 
common presence in them of localized malignant cells will not be forgotten by his 
consulting colleagues ; on the other hand, the pathologist who discovers the malig- 
nant element has reason to feel that this is much more important than the general 
composition of the neoplasm and he is likely to return a diagnosis of cancer with- 
out further qualification. Thus, on the basis of the formal record the roentgenolo- 
gist is chargeable with a definite error, and it will so appear in subsequent statistica 
reviews. , 

Small ulcerating cancers, malignant ulcers and benign ulcers of the stomac 
resemble each other strongly, especially after excision. However, the roentgen- 
ologist can identify most of the ulcerating cancers by their persisting remnants o 
tumefaction and their pseudoniches which do not penetrate into the gastric • 
Likewise, he can recognize man)' of the malignant ulcers because they are undu y 
large, or have irregular, insensitive craters, and are not accompanied by spasm. 
The third variety of ulcerous lesion, benign ulcer, has a rather regularly hemisp lenc 
true niche that is sculptured in the gastric wall, is surrounded by distorted or con 
vergent rugae, is sensitive to pressure and usually gives rise to gastrospasm. 
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such ulcers are diagnosed by tlic roentgenologist as gastric ulcers, without any 
qualifying adjective but with the implication that as no marks of malignancy were 
discerned the ulcers are probablv Ijcnign. although malignancy cannot be excluded 
positively. The fact that 10 i>er cent or more of gastric ulcers are found micro- 
scopically to be malignant has been publicir.efi thoroughly and the roentgenologist 
feels that his diagnoses have not been misleading, tor he assumes that every ulcer 
will be considered as potentially malignant until proved innocent. 

To surgeons and clitiicians the misunderstood or partly mistaken diagnoses of 
benign tumor and gastric ulcer are likely to be surjirising and ve.xatious : knowing 
the capabilities of the roentgenologic method, these consultants are perple.xed at 
Its apparent fall from grace and are inclined to wonder if the roentgenologist is 
capricious and inconsistent in his interpretations. 

But, of course, the roentgenologist cannot alTord to be temperamental in judg- 
nient and is obliged to draw his conclusions logically and consistently from objective 
signs alone, for he has learned from experience that only in that way can the 
greatest proportion of correct diagnoses be obtained. He is just as keenly solicitous 
as his colleagues that no operable cancer shall escape identification and is well 
aware that in about two thirds of the cases of gastric lesions in which surgical 
e.xploration is performed, the lesion is found to be malignant, but he is rightly 
unwilling to label any lesion as cancerous unless there is an adequate roentgenologic 
basis for that diagnosis. Most of the resulting misunderstandings or so-called 
errors could be avoided by adding to every roentgenologic diagnosis of benign 
tumor the caution that many such tumors are partly malignant, and to every 
diagnosis of gastric ulcer the warning that about a tenth of gastric ulcers, even 
though they may appear roentgenologically to be benign, turn out to be cancer- 
ous, but such reports would not be complimentarv to the intelligence of other 

consultants. 


Another prolific source of outright errors, inaccuracies and misunderstandings 
IS the roentgenologic estimate as to the probable resectability in cases of gastric 
cancer, for circumstances combine to handicap this effort of the roentgenologist 
to be helpful. Chief among such handicaps is the fact that the resectability in a 
c^e of gastric cancer depends primarily on the skill, courage and personal equa- 
tion of the surgeon concerned with the case, rather than on the various qualities, 
complications and roentgenologic characteristics of the growth. Thus, a cancer 
at would be regarded by one surgeon as utterly inoperable would be considered 
3 another to be fairly resectable. Hence, the roentgenologist’s opinions as to 
tesectabilit}', unless he is familiar with the abilities and customs of the surgical 
consultant, are likelj- to be disapproved and criticized by the latter. However, 
yesectability, which connotes the utility and advisability of attempting resection, 
J^ot determinable soleh- on a subjective basis but is largely dependent on objec- 
. ^ factors, such as the situation and extent of the growth, the invasion or non- 
imasion of structures adjacent to the stomach and the presence or absence of 
Metastasis. Concerning most of these elements roentgenologic examination usualh* 
elicit significant data and on these data, together with the examiner’s knowi- 
ge of current surgical practices, the opinion as to resectability is based, 
ties ™^^3’ years it was considered commonlj- that, because of technical difficul- 
’ of the cardiac portion of the stomach or cancer extending into this 

the below could not be removed. Today, with modem surgical technics, 

^ costal arch is no longer an insuperable barrier, and some surgeons often 
cancer of the cardia unless the esophagus is implicated or other deterrents 
an'^ ' surgeon is familiar with and skilful in the use of the transthoracic 

^nc 1 , he can remove cancer involving the cardia and lower part of the 
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esophagus. However, surgeons who prefer to limit their resections to cancer in 
the pyloric half of the stomach continue to be interested in the proximal limit of 
the growth. This the roentgenologist tries to determine, but although he makes 
liberal allowances for extension beyond that depicted, his estimate often falls short. 
Fixation or restricted mobility of the growth, indicative of its extension or inflam- 
matory attachment to structures outside the stomach, often is determinable and 
is an obstacle but not always a definite bar to resection. Metastasis to abdominal 
lymph nodes is an extremely common cause of abandoning the projected removal 
of cancer reported roentgenologically as apparently resectable. That roentgenologic 
methods will not disclose such metastasis should be well known by this time, and 
it is unfair to charge that limitation of the method as an error on the part of the 
roentgenologist. 

As a result of these circumstances, half or more of the cancers that appear 
roentgenologically to be resectable prove on exploration to be inoperable, often 
to the annoyance and surprise of medical and surgical consultants, although the 
roentgenologist repeatedly has admitted his limitations in this field. In view of 
the facts it would seem advisable for the roentgenologist to cease reporting general 
conclusions as to resectability in any case of gastric cancer, unless he is acquainted 
intimately with the views and practices of all other consultants in the case. In 
the absence of such acquaintance, the factual roentgenologic obsen^ations, without 
any deductions, might well be recorded or else reported and canvassed at a con- 
ference of the medical advisers. At all events, roentgenologic data are becoming 
less important in determining resectability, for exploration, which alone can defi- 
nitely confirm or negate the diagnosis and settle the question of radical or palliative 
operation, is being recommended or demanded with steadily increasing frequency. 

It is noteworthy that the roentgenologist rather seldom diagnoses benign lesions 
as malignant or resectable cancers as inoperable, and complaints on this score are 
rare. Thus the predominance of mistakes in the opposite direction may seem to 
indicate that he is prejudiced in favor of the benignancy of gastric diseases and the 
resectability of cancer. As a matter of fact, his prejudices, if he entertains them 
at all, Avould swerve him the other way, for he knows that most gastric lesions are 
malignant and most cancers inoperable. Perhaps the chief reason for his failures 
— and successes — ^is his strict adherence to the diagnostic codes and differential 
criteria that hard experience has taught him. If that is true, he will probably 
continue to make mistakes, or be accused of them, until he learns more about 
his art, or until his clinical and surgical associates learn more about it. 

The Mayo Clinic. 



GASTROSCOPIC DIAGNOSIS OF GASTRIC CANCER 


LEON SCHIFF, M.D. 

CIKCIXNATI 

The flexible gastroscopc has conic into ividesprcaci use. and reports attesting 
to its value in the diagnosis ot gastric disease are numerous. In cases of gastric 
carcinoma it enables the c.xaniiner not only to detect the presence of the tumor 
but to determine its location, character and extent. On the other hand, it is of 
value in excluding the presence of gastric cancer in certain suspected cases, thus 
frequently preventing unnecessary operation. In this way Taylor - believed that 
he had probabh* averted an exploratort* laparotomy in 25 of 6S suspected cases. 

Unfortunately, gastroscopic c.xamination may fail or prove unsatisfactory in 
some patients with gastric cancer. Obstruction at the cardia may prevent the 
examiner from introducing the instrument. Necrotic material, blood or barium 
sulfate may obscure visibility in the presence of pyloric obstruction. Spasm ‘‘ahead 
of the tumor” may occasionally conceal the lesion when located in the antrum.- 
There may be no visibilit}" in cases of linitis plastica owing to inability to inflate 
the stomach. Furthermore, the lesion may be entirely overlooked when situated 
in one of the so-called blind areas. These comprise part of the cardia. part of the 
fundus, the upper part of the lesser curvature," the upper part of the posterior 
■"■all, the lesser cun-ature and adjacent posterior wall of the antrum and part of 
the greater cur\-ature where the tip of the instrument impinges on the gastric 
"•all. 

I have to a certain extent attempted to follow Borrniann's macroscopic classifi- 
cation of gastric cancer into four types, as advocated by Schindler.* The first, or 
polj-poid, type is a lobulated tumor projecting into the lumen of the stomach, with 
nn irregular, lumpy surface which may be hemorrhagic or ulcerated. The second 
tiFe comprises the malignant ulcer, usualty shallow, with a raised, everted edge 
and a floor which is usuallv sloughing and brown, dark red. dirtv grav or. less 
I'cquently, white. This contrasts with the usually deep crater, sharp, often partly 
undermined edge and white base of the benign ulcer. Type 3 carcinoma consists 
of an ulcer in which part of the wall is missing because the lesion has infiltrated 
the surrounding mucosa. I have had much difficulty in determining this tjpe 
gastroscopicalty. This may be due in part to inability always to see the entire border 
of n maligna nt ulcer even when it is intact. The fourtli type is the infiltrating lesion 

This work was aided in part bj' a grant from the National Cancer Institute. 

, the Department of Internal iledicine of the University of Cincinnati iledical School, 
u the Gastric Research Laboratorj- of tlie Cincinnati General Hospital. 

(Feb ^ Evaluation of Gastroscopy (Hunterian Lecture), Lancet 1:131 

T5 2- Walters, W'. : Surgical Treatment of Ulcerating Gastric Lesions, with Correlated 
roentgenologic Studies, Am. J. Roentgenol. 43:819 (June) 1940. 

fj. p‘ Templeton and R. C. Boj-er (The Diagnosis of Gastric Cancer : An Analysis of 

emnli Roentgenologic Findings, Am. J. Roentgenol. 47:262 [Feb.] 1942) recentlr' 

geno"^'^^^ (benign) gastric ulcers which were visible in the roent- 

gastroscopic examination were situated “on or near tlie lesser curvature 
lalf way between the gastric angle and esophageal orifice." 

Bionl' ^'^h'U'her, R. : Earh- Diagnosis of Cancer of the Stomach: Gastroscopv and Gastric 
PSies, Gastrophotography and X-Rays, T. Nat. Cancer Inst 1:451 (Feb.) 1941. 
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with rigidity or reduction of the gastric lumen which may not be affected by infla- 
tion. The mucosal surface appears grayish and nodular and is usually not ulcerated. 
It may be difficult to differentiate this type of tumor from h 3 'pertrophic gastritis, 
syphilis, lympliosarcoma or leukemia. Like Schindler, I have found that the 
majorit}' of cases are of the diffuse infiltrating type. For excellent illustrations of 
the gastroscopic appearance of gastric cancer, the reader is referred to the books 
of Schindler ^ and Moutier.® 

According to Schindler ^ type 1 carcinoma grows slowty and type 2 metastasizes 
late, while the prognosis of types 3 and 4 is relatively much less favorable in spite 
of early surgical interv'ention. My own experience is as yet insufficient to permit 
of any conclusions along these lines. 

My experience with gastroscopy is limited to the use of the flexible gastroscope 
and is based on 1,366 examinations made since April 1936. I have used the 
gastroscope to examine (one or more times) 95 patients with gastric cancer, for 78 
of w'hom the diagnosis was verified by either operation or autopsy. 

Table 1. — Analysis oj Gaslroscopic Examimiioiis in S event y-Eighi Proved Cases 

of Gastric Cancer 


Number of Oases 


Examination unsatisfactory: 

Kesistanee at cardia f 

Tumor obscured by gastric contents 5 

Linitis plastica preventing inflation of stomach f 

Total 10 


Tumor entirely overlooked: 

In prepyloric region 

High on posterior wall 

Total 

Tumor mistaken for another type of lesion 
Tumor correctly diagnosed 


* In 2 of these cases the lesion was conectly diagnosed on subsequent examination. 


RESULTS OF EXAMINATIONS 

Analysis of the examinations in the cases in which the diagnosis w,as proved 
is given in table 1. 

Examination Unsatisfactory . — Resistance at the cardia was apparently due to 
direct encroachment of the neoplasm. This type of resistance does not always 
indicate the presence of organic obstruction, as it maj' be due to spasm. Occa- 
sionally, when there is no obstruction at the cardia, by waiting a few moments an 
manipulating the instrument in a most gentle fashion one may help it slip into 
the stomach. It is also possible that no resistance will be encountered if t e 
examination is repeated on another dajL Retained gastric contents usually con- 
sisted of necrotic or grumous material. In an instance of pyloric obstruction 
barium sulfate \vas still present in the stomach five days after it had been a mm 
istered by the roentgenologist. Schindler ® has emphasized the inability to in a ^ 
the stomach in cases of linitis plastica, an occurrence which should per se sugges 


The Endoscopic Study of Gastric Pathology, Chicago, 


5. Schindler, R.: Gastroscopy; 

University of Chicago Press, 1937. - „ i',.=fnmac. Paris. 

6. Moutier, F.; Traite de gastroscopic et de pathologic cndoscopique de 

Masson & Cie. 1935. 
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the presence of this lesion. However. I had siicli an c.xperience with a patient 
with antral carcinoma, in whom during a second e.xamination made a week after the 
first the stomach was readily distensible. The initial failure was probably due to 
spasm. Experience has emphasized the importance of repeating the gastroscopic 
e.\amination when it proves unsatisfactoiw’ or inconclusive. 


T.^ble 2. — Proz-cd Cases of Gastric Carcinovta iit WhicI; Lcsior. IJ'as Misir.tcrf’rctcd 

eVi Gastroscof'ic E.ramii:atiot; 


Numt-er 

Patient 

Gaftrofcopic Diayiiosis 

Gomment 

1 

J. R. 

Eenipn ulcer 

Sharply defined border: lehitish base 


P.X. 

Benipn ulcer 

Temporary healing: correct diagnosis in C o£ -1 
examinations 

3 

L. K. 

Eenipn ulcer 

Border sharp; bao? \rhitc and deep: temporary 
healing 

4 

P.V. 

Benipn ulcer 

Entire lesion not seen 

5 

J. s. 

Benipn ulcer 

Base tvhite; border sharply defined 

C 

M. H. 

rvuodenal ulcer (presumptive) 

.\ntral distortion misleading 

4 

D. D. 

Hypertrophic gastritic. 

Changes characteristic 

s 

.T- G. 

Hypertrophic gastritis 

Large, rigid folds 


G. W. 

Superficial gastritis 

Mnlipnant chocpC5 at first obscured (or over- 
looked): dinpriosls made subscquentlj* 



F)g. 1-— Photograph of a drawing of an ulcer (case 1, table 2) made at gastroscopic exami- 
nation, with all the characteristics of a benign lesion (sharp border, deep crater, white base, 
■'■•ith a small clot near the center and swollen radiating rugae). The growth was found to be 
malignant ten months later. 


Tumor Entirely Overlooked. — Overlooking of a tumor was due to its location 
w a well recognized blind area, namely, the prepyloric region (generally lesser 
curvature of the antrum) or the posterior wall near the cardia. 

Tumor Mistaken for Another Tvpc of Lesion. — It is of much interest that the 
carcinoma (malignant ulcer type) was most commonly mistaken for a benign 
gastric ulcer (table 2). This only emphasizes the fact that the proof of the bem'gn 
®^'§ciant character of an ulcer is in the histologic examination (fig. 1). In 
2 ^cinnection I should like to point out that temporarj- healing was striking in 
cf the cases of malignant ulcer (fig. 2), a characteristic which has alread}' been 
^phasized by a number of obser\-ers.' In 3 cases the neoplasm was mistaken for 

Qjg.p‘ W. L. : Benign and Malignant Gastric Ulcers: Their Relation and Clinical 

Q I^^^mtion. Ann. Int. Med. 13:317 (Aug.) 1939. Eusterman, G. B. : Carcinomatous 
Tay^j^'cer: Misleading Results of Medical Therapy, T. A. M. A. 118:1 (Jan. 3) 1942. 
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ven- recently reported it in 19 of 79 cases. Relatively little is known about the 
gasiroscopic appearance of gastric syphilis. Confronted with the same gastroscopic 
findings as those of W. X. (table o j. I should again make the diagnosis of gastric 


T.^ele 3.- — Casis cj litsldonicnlly Prozrd Lesions Mistaken for Gastric Carcinoma 

on Gastroscof'ic Examination 


Xember Patknt 


1 

C. .1. 

o 

R.H. 

3 

A. D. 

4 

.A.B. 

5 

H. E. 

C 

R.B. 

7 

r.K. 

S 

W. B. 

9 

E. H. 

10 

.A.K. 

11 

H. G. 

le 

0. r. 

IS 

W. X. 


C.Trcinoma of ii.nicrr.TS rroil- 
inc nomnrli 

Carcinoma of panena' croit- 
inp ftomarli 

Carcinoma of panerra' cro'!- 
inp .'tomacli 

Clccratcd neurilemmoma 

Lympiiosarcoma 

Benipn pa'tric ulcer 

Benlpn pastric uiecr 

Benipn pastric ulor 

Benipn pastric uleer 

Benlpn pastric uleer 

Benipn pastric ulcer 

Duodenal ulcer 

Gastric sypliills (ulcerative)... 


Comment 


Simulated malipnant ulcer 
Simulated malipnant ulcer 
Ml.etake dun to inexperience 
Base blackl.'ti 

Lesion elevated: base necrotic, nodular 
Everted, nodular border 
Base blackish: border elevated and Iircpular 
Lesion seen tanpentlnliy: atrophic pastritis present 
.Antral distortion mlslcadlnp 
Nterotlc ba.so: adjacent (nodular) pastritis mis- 
lendinp 



occasionally be useful to await the results of antisyphilitic 
erapy before advising operation. 

n spite of its limitations, gastroscopy may be of much value in the diagnosis 
gastric carcinoma.^^ For example, it was the sole method of revealing the 
P esence of the tumor in 7 of my proved cases, in 6 of which the growth was 
operable. It has not infrequently been of aid in indicating the spastic nature of 
entgenologic defects, through failure to reveal an organic lesion. It has also 
emcjnstrated tlie benign character of gastric ulcer or hypertrophic gastritis roent- 
°^oally interpreted as malignant. Sometimes it revealed tlie upper limits 
to 1 more accurately than the roentgenogram, thus helping the surgeon 

etermine preoperativeh' tire extent of resection necessary. 

hue tlie gastroscope may be more helpful than the roentgenogram in the 
S^osis of gastric cancer in some cases, the converse is more frequentl}^ true. In 
___^^J|^}^atients tlie roentgenogram was the sole means of revealing the presence 

E. B. : Gastroscopic Observations in Neoplasm, New England J. Med. 214: 
" 19) 1936. Taylor.^ Schindler.^ 
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of the tumor. I agree witli Templeton and Boyer,'' who stated tiiat by the use 
of both methods the percentage of correct diagnoses will be higher than by the 
use of cither method alone. 

In looking through a gastroscope the clinician should constantly bear in mind 
that he is viewing only part of the muco.sal surface of the stomach, not its entire 
surface nor its deeper layers or surrounding structures. It is only by weighing 
the information he thus obtains with the evidence he collects from the history and 
physical, roentgenologic and other examinations that he will most frequently arrive 
at a correct diagnosis. 

SUMMARY 

In 53 (and subsequently 55) of 78 proved cases of gastric cancer the lesion 
was seen and correctly diagnosed through the flexible gastroscope. In 7 cases 
gastroscopic examination was the sole means of revealing the presence of the tumor. 
In 10 of the cases the examination was unsatisfactory because of failure to introduce 
the instrument or poor visibilit 3 ^ In 6 additional cases the lesion was situated in 
a “blind area” and was not seen. In 9 instairces it was mistaken for another type 
of lesion, most commonly a benign gastric ulcer. In 13 cases selected from a 
miscellaneous group, lesions proved histologically to be other than primary gastric 
carcinoma were mistaken for gastric cancer. 

Dr. Nathan Shapiro assisted in the compilation of data for this article. 
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The preoperative preparation and the jwstopcrative care of patients with car- 
onoma of the stomach have assumed increasing importance during the past decade. 
3nd during this period there has I)een a steady decline in the mortaiitv associated 
■ttnth radical gastric resection. The importance of the nonoperative phases of 
management is now so clearly understood that no surgeon interested in tin's type 
ot surger}- would consider operation without at least attempting to correct certain 
ot the abnormalities which exist in nearlv everv instance when the patient comes 
tor resection. 

THE P.XTHOLOGIC PHVStOLOGV OF GASTRIC CANCER 

The parietal cells of the gastric mucosa normally secrete hydrochloric acid at 
^ concentration of about 165 millimols or 0.6 per cent. A variety of mechanisms 
probably involved in the process of neutralization, so that the actual acidity 
ot the gastric contents varies widely in the same person from time to time and 
jn different persons. It should be remembered that when complete absence of 
rdrochloric acid, the true anacidity of Keefer and Bloomfield.^ is demonstrated 
‘0 a patient, there is also nearlv alwavs an absence of the gastric enzymes, pepsin 
and rennin. 

. of the stomach is usually associated with a low level of gastric 

Cl , or complete anacidity, and at the same time a lowered volume of secretion. 

® a general rule the gastric contents, even in the patient with a moderately 
carcinoma of the stomach, become foul. This is verr' likely in large part 
ue to the action of bacteria on ingested food, a mechanism which comes into 
in hypochlorhydria and even more in achlorhydria. The concentration of 
S^stne acid is normally sufficient to prevent the growth of the common pathogenic 
^cganisms which may gain access to the stomach in food. When, however, the 
cee hr'drochloric acid, which forms the major component of tlie gastric acid, is 
in ™ '^on^^entration or is completely absent, the stomach contains bacteria 
abundance and in considerable varieu-. The common inhabitants of the oro- 
P ainmx can soon multiply in fertile soil when they are not exposed to the inhibit- 
? and destructive effects of the free acid and enzymes of the stomach. 

G j /dilatation of the stomach is as a rule due to trvo factors. (1) the obstruc- 
rit (2) the existence of a subclinical or clinical deficiency of the 

nbstr'” ® complex. The retro^ade distention resulting from a slowly increasing 

action reouirpi; nn fnt-tVipr rlicruccion Tr nrriirs in anv hnllmv T.-isrim i 


- requires no further discussion. 
" obstructing lesion. 


It occurs in any hollow viscus proximal 


Sern'ce B of the Hospital of the Universitj- of Pennsylvania and the 
n Uepartment of Surgical Research. Schools of Medicine, University of Pennsylvania, 
eefer, C. S., and Bloomfield. A. L. : Bull. Johns Hopkins Hosp. 39:304, 1926. 
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The dilatation associated Avith the deficiency of the vitamin B complex results 
in large part from the atony of the gastric musculature, which is present in an 
increasing degree as the deficiency is extended. As the obstruction becomes more 
evident and the digestive symptoms become more pronounced, the patient usually 
changes from a well balanced diet to one which contains an excess of carbohydrates, 
and the final result is pronounced anorexia and loss of weight. If the carbohydrate 
content of the diet is increased the requirements of vitamin Bj become greater, and 
if they are not met a clinical or subclinical deficiency soon occurs. Thus the 
anorexia becomes even more pronounced and the nutritional condition of the 
patient suffers still further. While occasionally the edema observed in some of 
these patients may be of the type associated with beriberi, it is in our opinion 
more usually due to the hyoproteinemia winch so many of the patients have. 

The nausea and anorexia so frequentty obserA'ed in gastric carcinoma are 
in part associated Avith a deficienc}' of the Autamin B complex. The studies of 
Heublein, Thompson and Scull}'," made in this laboratory, demonstrated that in 
the presence of a B complex deficiency gastrointestinal tone and pattern did not 
return to normal regardless of the amount of thiamine chloride Avhich Avas admin- 
istered. EA'en the administration of riboflavin and nicotinic acid failed to restore 
the roentgenograms to normal, but they did become normal after the patient took 
brcAvers’ yeast. In deficiency of the vitamin B complex the gastric outline is 
enlarged and the gastric AA'alls are smooth. These are in fact important diagnostic 
criteria. When dilatation is present AA'ithout a deficiency of the vitamin B complex 
the fluoroscopist Avill nearly alAvays observ'e evidences of increased peristaltic activity 
of the gastric Avail. A decrease in tonus and impairment of peristaltic activity 
indicate a superimposed deficiency of the A'itamin B complex. 

The anorexia and nausea from AA’hich these patients may suffer result in a 
restriction in total caloric intake on the one hand and in an alteration in the 
composition of the ingested food on the other. The tAvo conditions, loAvered total 
caloric intake and a coincidental reduction in the ingested protein, bring about a 
reduction in the concentration of plasma protein. There results a subclinical or 
clinical nutritional edema. 

The hypoproteinemia, or more specifically the hypoalbuminemia, Avhich so many 
of these patients have is much more common than it is generally supposed to be. 

It is at times masked by the coexisting dehydration but becomes evident Avhen 
attempts are made to correct this. The edema Avhich may be precipitated Avhen 
attempts are made to restore the fluid balance is greatly accentuated Avhen sodium 
chloride is given intravenously. There occurs not only evidence of superficial 
subcutaneous edema but a Avidespread edema of the gastrointestinal tract. The 
undertying basis for this state is the same, a reduction in ingestion and utilization 
of protein, Avith a subsequent reduction in the concentration of plasma protein 
and a decrease in the colloid osmotic pressure of the blood. Thus the mechanism 
for holding fluids in blood vessels becomes disturbed. In a similar manner the 
mechanism for draAving fluids back into the blood vessels is deranged, and tic 
edema associated Avith trauma, such as occurs at any site of resection and anasto- 
mosis, is accentuated and prolonged. As Weech and Ling^^ have shoAAm, tie 
administration of large amounts of sodium chloride or sodium bicarbonate 
retention of fluid Avhen the concentration of serum albumin is belOAV normal. ns 
must alAA'ays be kept in mind in the postoperatii'e period. 

Tiui^ein, G. W.; Thompson, W. D., Jr., and Scully, J. P.: Am. J. Roentgenol. 4G: 

S66, 1941. _ , 

3. Weech, A. A., and Ling, S. M.: J. Clin. Investigation 10:869, 1931. 
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Jones and Eaton '' first pointed out the frequency of postoperative nutritional 
edenia, and jMccray, Barden and Ravdin * have shown that the emptying time 
of the normal stomach is greatly increased as the concentration of plasma protein 
is decreased and that it returns to normal as the concentration is by one means 
or another restored to a normal level. 

Barden, Ravdin and Frazier ® have shown that the edema following operation 
may be so pronounced as to mimic in every way a technical defect in the anasto- 
mosis, resulting either in a prolonged delay in gastric emptying or in nearly 
complete obstruction. The importance of recognizing this type of functional impedi- 
ment to gastric emptying cannot be stressed too much. It is possible that the 
edema so frequently observed in these patients is not always entirely due to 
h3’poproteinemia, although we believe this to be the most important single factor. 
A coexisting deficiency of vitamin Bi or C may play a part in the production of 
the edema or niav exaggerate the edema of simple hypoproteinemia. Regardless 
m the other factors involved, a concentration of the serum albumin below 3 Gm. 
per hundred cubic centimeters or of the total plasma protein below 5.5 Gm. per 
imdred cubic centimeters should be considered as greatly increasing the hazards 
01 operation. 


Thompson, Ravdin and Frank " have shown that the period of delay in fibro- 
mstic proliferation of healing wounds is greatly increased in the presence of 
protein undemutrition. Lanman and Ingalls ® have demonstrated marked inter- 
erence with the laying down of collagen in healing wounds in the presence of a 
enciency of ^•itamin C. Hartzell, Winfield and Irvin ° in a study of patients 
^ith disruption of abdominal wounds showed that in nearly every instance the 
patients had hypoproteinemia, a deficiency of vitamin C or both. It can now 
. ® assumed that many of the wound disruptions which have been obsen-ed follow- 
"ig operation for gastric cancer are due to biologic defects in the mechanisms which 
control tissue repair. 

Rot a few of the patients with gastric carcinoma have moderate or severe degrees 
anemia. In most of these the anemia is of the so-called iron deficiency tv-pe, 
tn a few it assumes many of the characteristics of primarv’ pernicious anemia, 
perhaps as the result of a disappearance from the stomach of the intrinsic factor. 


PREPARaTIOX of PATIEXTS with gastric CAXCER FOR OPERATIOX 


of indications for therapy follow directly from knowledge and understanding 
e pathologic physiolog}' of gastric cancer. Therapy must be directed on the 
hand toward correcting tlie infection, dilatation and atony which affect the 
j. and on the other hand toward correcting the systemic changes which 

t from the nutritional deficits and the losses of fluid and electrohTes to which 
•nan} of the patients are subject. 

several days before operation the stomach should be kept empty. This 
plus ^ ^'^'^^^pbshed by periodic gastric lavage or by continuous suction drainage 
lavage. We prefer the latter method. Certain of these patients 


1^9 f Eaton, F. B. : Postoperative Nutritional Edema, Arch. Surg. 27: 

1933. 

6 ’ l^arden, R. P., and Ravdin, I. S.: Surgerj- 1:53, 1937. 

7 Eavdin, I. S., and Frazier, \V. D. : Am. J. Roentgenol. 38:196. 1937. 

^'outid D.; Ravdin, I. S., and Frank, I. L.: Effect of Hypoproteinemia on 

8 T '®™Ption, Arch. Surg. 36:500 (March) 1938. 

9 .^^'’'tian, T. H., and Ingalls, T. H. : Ann. Surg. 105:616, 1937. 

Protein E'' ^^’infield, T. M., and Irwin. T. L. : Plasma ^■itamin C and Serum 

" t-evels in Wound Disruption, J. .A.. M. A. 116:669 (Feb. 22) 1941. 
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have pyloric obstruction of such a degree that great collections of undigested food, 
and even in certain instances phytobezoars, accumulate in the stomach. These 
accumulations plug up the usual nasal catheter, frustrating attempts at suction 
drainage. In such cases lavage should be carried out with an old-fashioned stomach 
tube of large caliber. 

It is best not to give any food by mouth for from two to five days after the 
institution of suction drainage and only when pyloric patency is established to 
permit the ingestion of readily digestible foods. 

The administration of small amounts of dilute hydrochloric acid during this 
period, as suggested by Harvey and Oughterson,^® is, we believe, helpful. The 
acid can be introduced into the stomach through the indwelling tube, which is 
then clamped for from one to two hours. The use of hydrochloric acid will lead 
to an earlier disappearance of the foulness of the gastric contents and to a more 
rapid reduction in the bacterial count. 

This regimen of local treatment leads to a considerable improvement in the 
state of the patient, a lessening of the epigastric distress and pain and a disap- 
pearance of the nausea and vomiting; frequently after continuance of the program 
there is evidence of improved gastric emptying. 

Admhnstraiion of Vitamins . — While the cleansing of the stomach is being 
carried out deficiencies of the important Autamins should be compensated. From 
10 to 20 mg. of thiamine hydrochloride and 100 mg. of ascorbic acid may be 
given subcutaneously each day. As soon as evidence is obtained of a functioning 
pylorus, 2 to 4 Gm. of brewers’ yeast should be given daily by mouth or through 
the stomach tube, the tube being clamped for two hours afterward. If this 
cannot be done for some time because the pylorus is not patent, a daily dose of 
50 mg. of nicotinic acid amide may be given by the subcutaneous route. 

Vitamin K, while not specifically indicated for all patients, has frequently been 
useful for those whose gastric drainage is at times blood tinged. In several of 
these patients mild to moderate degrees of hypoprothrombinemia have been found, 
and if this condition is present one of the soluble synthetic products with vitamin K 
activity should be given parenterally ; 4-amino-2-methyl-l-naphthol hydrochloride 
(synkamin) in doses of 3 mg. per day is generally satisfactory. 

The hypoprothrombinemia is often associated Avith hepatic metastases, but it 
should not be assumed that all patients with hypoprothrombinemia have inoperable 
lesions. Metastases to the liver haA''e not been a constant finding at operation. 

WATER AND ELECTROLYTE BALANCE ' 

Nearly all patients of this group who have been vomiting and many others as 
well will have become dehydrated. There is no Avay of estimating the degree of 
the dehydration, though the observations of Maddock and Coller that the clinical 
signs of dehydration indicate a loss of 6 per cent of body Aveight are often helpful. 
Thus a man Aveighing 80 Kg. AA^ho has sunken eyeballs, dry tongue and poor skm 
turgor may be assumed to have a negative Avater balance of 60 cc. per Kg., or a 
total of 4,800 cc. at least. 

For several reasons, however, it maj' be unAA'ise to attempt to replace this 
deficit too rapidly. A deficiency of serum proteins may lead to faulty distribu- 
tion of fluid Avithin the body. When a patient has such a deficiency, the addition 
of fluid dilutes the serum proteins further, and increased edema results. Also circu- 

10. Harve 3 % S. C, and Ougbterson, A. W.: Ann. Surg. 115:1066, 1942. 

11. Maddock, W. G., and Coller, F. A.: Water Balance in Surgery. J. A. M. A. ivo. 

(Jan. 2) 1937. 
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latory defects may impair the normal distribution of fluid in the body and increase 
the danger associated with tlic rapid infusions. The tolerance of each patient for 
fluid must be carefully watched but it is unreasonable to assume that the intra- 
venous route cannot be used if care is exercised. 

AVith the exception of patients with cardiac disease, we have found it practical 
lO administer 50 to 60 cc. of fluid per kilogram of bodv weight per day to dehy- 
drated patients over and above the amount lost by suction drainage. This is 
continued until the twenty-four hour output of urine exceeds 1.000 cc. When 
ihe kidneys excrete this amount it is generally assumed that dehydration has been 
overcome and the fluid intake can be reduced to maintenance levels. 

At the same time that the water balance is being corrected the salt balance, 
the acid-base equilibrium and the serum protein concentration must be corrected. 
As has already been pointed out. the administration of water and sodium chloride 
to a patient without labile protein reserves, even if his serum protein concentration 
in the dehydrated state is normal, increases the tendency to edema and may 
occlude the pylorus completely in a patient whose pyloric canal is already narrowed 
oy scar tissue. 


Patients who have vomited repeatedly generally have a chloride defleienev. 
n calculating the amount of salt needeci to correct this the formula of Coller^ 
srtlett. Bingham, Haddock and Pedersen has generally been used. 

For each 100 mg. per hundred cubic centimeters of reduction in the serum 
oride concentration 0.5 Gm. of sodium chloride per kilogram of body weight 
n ^ Here again experience has led us to correct the deficit fractionally. 

l^Fe calculated dose may be given and subsequent dosage determined on 
2 basis of another determination of the chloride concentration and with due 
ton^deration for the clinical course of the patient. 

^ Occasionally a patient who does not respond to appropriate doses of physiologic 

-0 ution of sodium chloride mav respond if a 2 per cent solution is given intra- 
venously. . t' 

_^ShouId h}-perchIoremia inadvertently be produced, excess salt may be removed 
rapidly by gastric lavage. Two hundred cubic centimeters of water may 


lairlv 


into the stomach and aspirated after twenty minutes. Another 


flv^n introduced, and so on. The reduction in plasma chlorides by this 
ft od may be fairly rapid and should be carefully controlled. 

f have sometimes encountered severe disturbances of add-base equilibrium 


in 


'vith gastric lesions. Usually such disturbances are corrected bv' the 
j ,r hetosis is prevented and moderate amounts of phvsiologic solution of 
fo ^ve provided. H'hen this fails or when extreme changes are ^ 

considered wise to correct quickly, sixth-molar sodium lactate 
^tay be used to increase the serum carbon dioxide. Two cubic centimeters 
[ ogram of bodv weight is usuallv required to produce an elevation of one 
'ohime per cent. ^ 

of extreme alkalosis 2 per cent ammonium chloride solution has been 
soluP Two cubic centimeters per kdlogram of body weight of this 

has "^^P^osses the carbon dioxide about 3 volumes per cent. The method 
bee limited a trial to permit a statement regarding its safet}-, but it has 

ve^D successfully and without serious reaction with patients who did not 
left tl to administration of sodium chloride and for whom it was 

danger of nephrosis due to alkalosis (Zintel, Rhoads and Ravdin).’= 

F- A.; Bartlett. R. Jf. ; Bfnffham. D. I. C: Maddock. VV. G.. and Pedersen. S.t 
108:769. 193S. 

If- A.; Rhoads. J. E.. and Ravdin. I. S.: To be published. 
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TREATMENT OF ANEHriA 

If an anemia of considerable degree is present the patient should receive 
multiple small transfusions of whole blood. Should the anemia resemble primary 
pernicious anemia, parenteral administration of a suitable liver extract should be 
begun before operation. Subsequent to operation, when the new stoma is function- 
ing, iron therapy should be instituted for those patients whose anemia is of the iron 
deficienc}'^ type. 

Of all the various disturbances of patients with gastric carcinoma, possibly 
hypoproteinemia is the most difficult to correct. It should be remembered that 
after hypoproteinemia has persisted for some time the ability of animals to elaborate 
plasma proteins in the body becomes impaired ( Whipple). “ It has been our 
impression that this is also true in man. The most rapid and most satisfactory 
method is the transfusion of plasma. Usually the injection of 250 to 500 cc. per 



Fig. 1. — Diagram of the use of an Abbott-Rawson tube for gastric suction and jejunal 
feeding as suggested by Bisgard.^® Such tubes should not be removed too early. 

day will bring the serum protein level up to normal. Occasionally larger amounts 
may be required. There is some evidence that in man solutions of amino acids 
injected intravenously may be of value in maintaining nitrogen equilibrium. How- 
ever, even the most favorable reports indicate that a relatively small fraction o 
this material is utilized for the production of serum proteins. Iti general, the 
effect of solutions of amino acids is too slow for them to be used in preparing 
the Itypoproteinemic patient for operation. If preparations become available t w 
may be given in larger amounts without reaction, they may come to play a inuci 
larger role. 

Protein digests fed into the stomach or duodenum are also of value on 
pyloric patency is established. We believe that these digests are more rea ly 
utilized than are the protein comple.xes from which they are prepared. 


14. Whipple, G. H.: Am. J. M. Sc. 196:609, 1938. 



Effect of a Prcfaratlon of Awhio Acids, Poly fcf tides and Carbohydrates* 
on Sennit Protein Concentration (Orojcjunal Route) 
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Total 
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Pyloric stenosis due to ulcer 
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® hiLxture balance and serum protein concentration following the introduction of 

anana powder and milk into the jejunum after gastric resection. 

the xutritiox of the patient after operation 


After 
Plus 

tube tU — ett 

a gastric wall 


and p orojejunal feeding method described by Ravdin. Stengel 

t-r - ankin is very effective. »c f^r^rt K/a T~vlQr»innr +<»ao/4iT'»«-r 


This can be modified by placing the feeeding 
a niajorip~ ~ »ciii in the manner described by Bisgard (fig. 1.) For 

'^Pbohvd* patients a preparation containing amino acids, pol 3 'peptides and 

simnlp't been emplo 3 'ed in orojejunal feeding (table). However, 

such 


2 ). 


as skim milk and banana powder, have been used successfullv 


c *”* ^hvdin T ^ o 

^“hgicai p ’ f T ’ A., Jr., and Prushankin, M. : Control of Hvpoproteinemia in 

16. 114:107 (Jan. 13) 1940. 

'=>“^ 0 , j. D.: Surg., Gynec. & Obst 74:239, 1942. 
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When tills method of feeding is utilized the feeding mixture should not con- 
tain too much fat, for even though the mixture is placed in the jejunum gastric 
' emptying will be delayed. Failure to recognize this fact has greatly increased 
the time of convalescence of many patients. 

In the postoperative period the intravenously injected fluids must be carefully 
controlled. The amount of sodium chloride, of dextrose and water and of plasma 
or serum or amino acids which each patient should receive must be judged daily 
by a careful study of the previous day’s intake and output, by repeated studies 
of the plasma chloride and protein and at times even of the total base. When 
the orojejunal method is instituted intravenous administration of fluids, with 
the occasional exception of plasma or serum, is rarel}' required. 

The augmented intake of vitamins should by all means be maintained during 
the period of hospitalization and more especially during the period of wound 
healing. As soon as evidence is obtained of a functioning stoma, orojejunal tubes 
should be removed and food intake by mouth should be permitted. 

CHEMOTHERAPY 

Although they may not be essential, we have used sulfonamide compounds in 
the preoperative preparation of many patients with carcinoma of the stomach. The 
serious risk of spreading infection may in part be controlled by preoperative adminis- 
tration of a sulfonamide compound and by local implantation of crystalline sulfanil- 
amide at the site of the resection and anastomosis. 

CONCLUSION 

Patients with operable carcinoma of the stomach require the most careful 
supportive treatment. During the preoperative period special attention must be 
given to the problem of overcoming dilatation of the stomach and infection of 
the gastric contents. The water balance, electrolyte balance and vitamin intake 
of the patients require constant attention both before and after operation. 

The protein deficit which is so often present in patients having pyloric obstruc- 
tion is best managed in our experience by transfusion before operation and by 
jejunal feedings after operation. 

In this clinic the institution of the program which has been outlined has resulted 
in an earlier and more satisfactor}' preparation of the patient, in a shorter con- 
valescence from the operation and in a reduction of the morbidity and mortality 
in patients with gastric carcinoma. 



THE SURGICAL PROBLEM OF GASTRIC CANCER 


WITH SPECIAL REFERENXE TO; (I) THE CLOSED METHOD OF GASTRIC 
RESECTION'. (21 COINCIDENTAL HEPATIC RESECTION AND (3) PRE- 
OPER.XTIVE AND PO-STOPERATIVE -MANAGEMENT 

OWEX H. \V.\-\GEXSTF.EX. -M.D. 

MINN'E.xrOI.IS 

Carcinoma ot the stomach constitutes a surgical problem of great importance. 
The main present difficulty still hinges on the matter of making the diagnosis suf- 
ficiently early that the benefits of surgerv may be c.Ntended consistently to a greater 
number of patients. The nature of the surgical accomplishment in cases of carci- 
noma of the stomach has improved considerably in recent years. ^ The fonuidable 
operative mortality of earlier vears largely is disappearing. The e.Nperience of this 
olinic suggests that subtotal resections for cancer of the stomach can be done 
With a hospital mortality approaching closely that of gastric resection for benign 
duodenal and gastric ulcers. Improvement in the end results of the surgical 
oianagement of carcinoma of the stomach is contingent on a larger proportion of 
patients coming to operation early enough to insure complete eradication of tlie 
'tease. In a fairly large number of instances still, as will be indicated subse- 
quently, the surgeon finds that his radical resection was essentially a palliative 
operation, in that the presence of carcinoma cells in the proximal line of resection is 
"ot uncommonly obsen'ed microscopicallv. This occurrence suggests that M'hen- 
O'er feasible the surgeon must excise a wide margin of apparently normal gastric 
bssue pro.ximal to the lesion. 

THE DIAGNOSIS 

^-ntil a biologic test becomes available to suggest that a patient harbors a 
u'nhgnant growth somewhere in his body, late recognition in many cases undoubt- 
Id'ill continue. The tragedv of the situation is that a carcinoma per se, certainly 
^^ginning, gives no symptoms. Only the presence of a complication, 
U'' 'narily^ informs the patient that things are not as tlie\' should be. Ulceration, 
eniorrhage or obstruction may bring a patient with a gastric cancer to his 
More frequentlv, however, loss of weight and strength and epi- 
b -tne discomfort suggest the necessitv of a visit to the physician. 

^ '^^^rtness on the part of patients to symptoms and wise appraisal of those 
d ^3' physicians are probablv still the most important items in the early 

^ Section of gastric cancer. The definite ascertainment of the presence of a gastric 
must await fluoroscopic and roentgenographic examination. Without ques- 
.^^^^__^|^u^oentgen rays are the most reliable diagnostic agent. An important 

p 

d'e Department of Surger\', University of Alinnesota ^ledical School, 
loj- r ^ '^f^sarches presented here were supported by grants of the .Augustus L. Searle Fund 
the ■P‘"''mental Surgical Research, the Citizen's Aid Society and the Graduate School of 
nuersity of Minnesota. 

\. ■'"gston, E. M., and Pack, G. T.: End-Results in the Treatment of Gastric Cancer, 
B. Hoeber. Inc.,’ 1939. Ogilvie. W. H. : Cancer of the Stomacli. Surg., 
cino.^; . O^'st. 68:295-305, 1939. Parsons, L., and Welch. C. E.: The Curability of Car- 
1. -f r Stomach, Surgerv 6:327-338, 1939. Walters. W.: Gray, H. K., and Priestley, 
(le-Zp Uaremoma and Other Malisnant Lesions of the Stomach, Philadelphia. M'. B. Saun- 
'■ company, 1942. 
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element of the problem is to bring more patients with symptoms for roentgen 
examination earlier. Fluoroscopic and rocnlgenograpbic examinations have their 
limitations, however, and in certain instances, they fail to reveal a fairly well 
advanced lesion. Such failures, though infrequent, happen in the experience of the 
best roentgenologists and serve only to remind one that even this diagnostic agent 
has its shortcomings. Employment of gastroscopy can make an important con- 
tribution to the satisfactory management of such patients— an observation that most 
clinics have had an opportunity to make. 

Ihe roentgenologist has a tremendous ro.sponsibility in relaying his findings and 
interpretations of a borderhne gastric lesion to the clinician. No one probably 
appreciates the gravity of that responsibility more than the roentgenologist himself. 
In the main clinicians are credulous persons and are wont to accept the conclusions 
of the roentgenologist as those of one who manipulates an infallible divining rod. 
I have already indicated that the roentgenologist may overlook the presence of a 
lesion. A more common error and not an infrequent one in diagnosing lesions 
near or at the pyloric outlet and accompanied by obstruction is confusion of nicer 
with carcinoma. What is done to the patient frequentl}' depends very largely on 
the character of the interpretation of the roentgenologist. I have the feeling that 
this is a responsibility which should fall more directly on the clinicians and especially 
the surgeons. In the past, when gastric resection was not as safe an operation as 
it now is, in the hands of experienced gastric surgeons, the roentgenologist perhaps 
was correct in having his intei'prctation carry and express a more conservative 
attitude in certain eases of dul)ious nature than he actually felt. Under certain 
circumstances today, the roentgenologist may feel constrained to continue that 
tradition. In the interest of the patient (whose interest is always paramount, no 
matter who the medical attendants may be) the roentgenologist would do well in 
such situations to suggest that a gastric surgeon may prove a better consultant than ' 
time in resolving the true nature of the lesion, Allen and Welch- (1941) have 
indicated that the general conservative attitude toward the problem of gastric ulcer 
has caused many a patient with a gastric cancer to receive procrastinating treat- 
ment for it. In the surgical clinic of the University Hospitals each year my 
associates and I see several patients with gastric lesions the character of which 
remains in doubt until well stained microscopic sections of the gastric resection 
specimen become available for study. In such instances reversal of diagnoses 
based on examination of the gross specimens, whether expressed by clinician, radi- 
ologist, gastroscopist, surgeon at operation or pathologist, lias not been infrequent 
in the experience of this clinic. 

Such circumstantial evidence as the closure of an antecedent perforation a few 
months previously and of the presence of free hydrochloric acid in the gastric 
juice does not gainsay the presence of carcinoma. During the past year, 2 such 
])atients were seen in the surgical clinic. On the basis of clinical evidence including 
roentgen examinations, both were believed to have ulcer ; both had carcinoma. 
One was a man of 27 years. The latter patient already has suggestive evidence 
of recurrence about fifteen months after resection. 

The relative frequency with which carcinoma of the stomach has been obscivc 
in this clinic in patients under medical treatment for pernicious anemia suggests 
definitely that all patients with that disease should have a roentgen examination o 
the stomach three times a year. Even in a clinic in which one professes o 
scrutinize carefully all patients with pernicious anemia with special reference 

2 Allem A. W., and Welch, C. E.: Gastric Ulcer: The Significance of This Diagnosis 
and Its Relationship to Cancer, Ann. Surg. 114 : 498 - 501 . 1941. 
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gastric lesions it is surprising liow failure to comiily rigidly with this self-imposed 
task- results in bringing to the surgeon patients with pernicious anemia who have 
!ar advanced carcinomas of the stomach for which only a palliative resection can be 
one. le frequent occurrence of cancer in atrophic gastric mucous membrane is 
an Item desemiig of careful inquiry and study. 


i’Ri:r.\RATiox roR orer.xtiox 

One of the common causes of mortality, especially in the bad risk patient, has 
en ina equate preparation. Ivcstoration of a satisfactory hemoglobin value and 
balance is not enough. Ihe adequate preparation of the 
fo " ^ fundamental consideration in getting him ready 

a ormidable operation. A careful inquiry into the e-xtent of the loss of weight, 
we ■''■hich it was sustained and the character of the food intake in the 

nionths prior to the patient's admission to the hospital is a matter of the 
clinic it has become routine practice to prod the patient’s 
repeatedly on this score and to interrogate the relatives closely to get reliable 
character of the patient’s nutrition in the preceding months, 
has patient is not a safe criterion. .\ person whose food intake 

^‘^”^'‘^*^rable weight is not a good operative risk, 
fance^f^ allowed the suggestion of Ravdin." who has pointed out the great impor- 
for ^ ° protein and carbohydrate and low fat diet in preparing such patients 

priori ^ losses of weight are sustained by patients who have a high grade 

such instances, in which the opportunity for absorption of 
autoca^n lawtrition of the patient might be described as 

give ^ since he has been subsisting on his own food stores. The deposits 

<lepos't°^^F labile protein are exhausted quickly. Life is sustained largely by 

^’’aduaf h (spproximateh* 3,500 calories per pound of human fat) and by a 
attendin body protein. Accompanying the loss in body weight 

bistof starvation, fat infiltrates the liver, an observation already known 
biochem^^^^^ more than half a centurv’. Only recently have patholo^sts, 
'ritb surgeons concerned themselves ov^er this cirounstance. Patients 

poor risks for major surgical procedures and 


^olerate^'ffi™ extremely 

"’’eat fl ^Ibcult operations poorly. Early in the operation, such patients exhibit 
''onnal M blood pressure, and it is frequently found difficult to sustain a 

b’gh pr pressure even when losses of blood are minimal. Yet the feeding of a 
'lepend^ carbohydrate diet to such patients for a period of time — ^the length 

^rivino- extent of the loss of weight — will succeed almost uniformly' in 

ain liver. In the experience of this clinic, patients who have 


sustained Jiver. in tne expenence oi tins cumc, panencs wno nave 

Procedu losses of weight can be brought to tolerate long and trydng operative 

^uch a l^M P^PPor preoperatii-e feeding. Even though the caloric intake of 
proved tlf ^ P^^oin and carbolwdrate but low fat diet is great, our experience has 
S«ch f ■] P^^’^ots prepared for operation in this manner rarely gain much weight. 

may veight commensurate with the high caloric intake of such a 

of the r ^ '"’iPb the large proportion of protein in the diet and the effect 
^ ri3'namic action of ingested protein on energy requirements. ]\Iore- 
' — 'ould not be the surgeon’s objective to have the patient gain weight. 


^5'’din, I ~ Lbe Protection of the Liver from Injurj-, Surgerj- S:20E2I1, 1940. 
r'f Liver ’ ^borogood, E. ; Riegel, C. ; Peters, R.. and Rhoades. J. E. : The Prevention 
oO) 19^^^ Facilitation of Repair in the Liver by Diet, J. A. M. A. 121:322 
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Suggestive of the improved condition of the patient’s liver attending such feeding 
are tlie following facts : There is a gain in strength, so that frequently a patient 
unable to sit or stand because of loss in weight can be got out of bed. The patient 
feels subjectively better, and his outlook on the future appears brighter. His com- 
plexion improves, and a ruddier color returns to his face. 

My associate Dr. Richard L. V arco ' has compounded two diets which have 
proved eminently satisfactory. If no pyloric obstruction is present, Varco diet no. I 
is taken in two hourly feedings through the day. All patients being prepared for 
extensive operations on the gastrointestinal canal are given Varco diet no. II as an 
intragastric drip feeding through the night (fig. 2). 

Intragastric drip feeding has been employed intermittently in this surgical 
clinic for years. The Varco no. II feeding mixture has augmented greatly the value 
of this mode of supplying alimentation. For patients with bleeding ulcer, it has 
been an agent of the greatest worth, not alone in stopping the bleeding but in 
preparing the patient for operation. Five or six days after the commencement of 
massive hemorrhage from a duodenal ulcer a gastric resection can be carried out, 
apparently with a hazard not out of line with that accepted for standard risk 



Fig. 1. — Photograph of a patient receiving intragastric drip feeding of Varco diet no. If, 


Ingredients of the formula are; 

Carbohydrate, 

Gm. 

Protein, 

Gm. 

Fat, 

Gm. 

Whole eggs — 6 

. . . . .... 

36.0 

36.0 

Egg whites — 2 



8.0 

1.2 

Skimmed milk powder — 113 Gm 

58.8 

40.4 

Lactose — 300 Gm 

300.0 

30.0 

...» 

Skimmed milk — 1,000 Gm 

50.0 

;••• 

Sait~5 Gm 

408.S 

114.4 

37.2 


A patient taking the drip day and night will ordinarily receive 2,500 to 3,500 c • 
caloric content being 1.6 calories per cubic centimeter, the total caloric intake wil le , 
to 5,600 calories. Gastric retention of course will reduce the caloric intake. 


patients. Whenever pyloric obstruction is present, Varco diet no. II is 
90 cc per hour both day and night, by the drip method. In patients wit i 0' 
obstruction from a duodenal ulcer, the frequent hypodermic 
atropine sulfate and sodium phenobarbital diminishes gastne secretion and ic. sc 
and frequently abolishes gastric retention. Both diets have a the 

calories per cubic centimeter. Fifteen hundred cubic centimeters of c.tlier 


4, Varco, R. L. ; Unpublished data, 1942. 
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ingested diet (no. I) or the drip diet (no. II) contains a])pro.xiniatel_v 150 Gm. of 
protein. 400 Gin. of carbohydrate and 30 Gm. of fat (detailed analysis in legend for 
figure 2). Skim milk (casein) constitutes tiie chief source of protein in the diet. 

Employment of beef scrum as part of the diluent in the drip feeding mixture 
(Varco diet no. II) probably will enhance the value of the diet in the regeneration 
ot plasma protein : addition of the pressed juice of raw liver may prove valuable also. 
Such a diet then would scrr'c two purposes: ( 1 ) rid the liver of fat deposits incident 
to stan-ation and (2) help rebuiki jdasma protein and replenish the depleted stores 
of deposit protein. The splendid paper by Madden and Whipple^ (1940) on the 
latter phase of the problem should be studied carefully by all surgeons interested in 
e.\tending the benefits of surgery to poor risk patients without increasing materially 
the hazards of such operations. Beef scrum and liver are far superior to casein in 
bringing about regeneration of plasma protein. 

the problem of feedixg patients with high grade or absolute 
PYLORIC obstruction 

When pyloric obstruction is absolute or nearly so. intravenous feeding must be 
relied on solely. At the outset it is to be conceded freely that intravenous feeding 



1^' — ’Photograph of a patient of 82 years with pyloric obstruction from a maligiian.. 
incicin "^he photograph was taken about a week after operation ; the left subcostal 

ny 1^' seen. Vomiting over a period of months had caused her to lose 60 pounds 

Desntt 105 pounds [75 to 48 Kg.]), approximately 37 per cent of her weight. 

f .f f^irlj- high grade pyloric obstruction, she took the constant intragastric dnp fsed- 
the TiaV " twenty days of preparation, an 80 per cent gastric resection was done,^ and 

was dismissed sixteen da 3 's after operation. Before operation she could neither 
is act' ®i^nd. She has been in the outpatient clinic since operation and reports that she 
have regained considerable weight. Patients with larger losses of weight 

•oss of operation in this clinic ; this patient, however, presented Ae greatest percentile 

height, after which resection has been done successfullj' for gastric cancer. 


poor substitute for a high carbohydrate and high protein diet, in which the 
^*^pIoyed has good capacity to induce the regeneration of plasma protein, 
ort leless, by a combination of plasma and amino acids and a fairly liberal quan- 
eq'u'rh solution in 10 to 20 per cent concentration, nitrogen and caloric 

{q * ^uni can be approximated. It is our experience that plasma is more likely 
^'^^cessful in increasing the plasma proteins than are amino acids. As a matter 
1 operations for pyloric obstruction of benign or malignant 

been done in this hospital over a period of more than three years. The 

and S. C, and Whipple, G. H.: Plasma Proteins: Their Source. Production 

■zahon. Physiol. Rev. 20:194-217. 1940. 
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experience up to October 1940 was recorded previously.® My associates and I 
have now carried through a large number of one stage gastric resections for pyloric 
obstruction of benign as well as malignant origin without mortality. The greater 
number of the patients have been prepared by the intragastric drip feeding. Never- 
theless, there are a few patients whose pyloric obstruction has been absolute or 
nearly so who have been prepared by intravenous feeding alone, in the manner 
described. 

WATER, ELECTROLYTE AND VITAMIN REQUIREMENTS 

The teachings of Coller and his associates ” have made all surgeons more 
thoughtful on this score. My practices ® in this regard have been described 
previous!)' and need not be repeated here. Inasmuch, however, as the surgery of 
gastric cancer concerns patients in the upper age brackets largely, one must 
exercise great care not to give them too much salt or too much water — and the 
fluid, no matter how it is given, must be given sloivly. Most of these patients have 
poor cardiac reserve and to be indifferent to matters of increasing the blood volume 
invites cardiac embarrassment, pulmonary edema and pneumonia. 


THE AGE FACTOR 

At one time, I was disposed to account for the disparities in mortality of gastric 
resection for benign and for malignant lesions of the stomach, largely on the basis 
of differences in age.® The majority of patients having gastric resection for ulcer 
are under 50. Approximately 50 per cent of patients having resection for cancer 
are over 60, and 20 per cent are over 70. Some are over 80. Whereas the mortality 
of gastric resection for benign lesions has been approximately 2 to 3 per cent in this 
clinic, the mortality of resection for gastric cancer for the same period of years 
has been significantly greater, hovering about 10 to 12 per cent. However, in the 
past year (Sept. 1, 1941 to Sept. 1, 1942), the differences in mortality of resection 
for benign and for malignant gastric lesions have largely been erased, as will be 
indicated subsequently. The chief factor in the reduction of the mortality has 
been better and more careful preoperative preparation, as has been outlined. 

Obviously the surgeon accepts more risks in operating on an elder group 
of patients, but the experience of this clinic suggests that careful preoperative 
preparation and judicious management of the patient during and after opera- 
tion have done away largely with the special hazards incident to age. In this 
series of resections, 65 per cent of the patients were 60 years of age or more, 
22.5 per cent were 70 or more. 


THE OPERATION 

An operation should be made to simulate physiologic sleep, during which 
the disease process is spirited away. This objective never can be attained, yet 
with wise planning and deliberate thought beforehand much can be done to avoid 
making the sleep of operation fitful and disturbed; fluctuations in the level oi 
anesthesia and in the blood pressure are to be avoided. Tissues must be handled 

6. Wangensteen, O. H. : Aseptic Resections in the Gastro-Intestinal Tract, 

Reference to Resection of the Stomach and Colon, Surg., Gynec. & Obst. 72:23/-28l, J 

7. Coller, F. A., and Maddock, W. G.: Water and Electrolyte Balance, Surg., Gynec. 

& Obst. 70:340-354, 1940. ^ 

8. Wangensteen, O. H. : (a) The Controlled Administration of Fluid to Surgical f 
Including Description of Gravimetric Methods of Determining Status of ^ydratwn 
Blood Loss During Operation, Minnesota Med. 25:783-789, 1942; (W Intestinal ^ s 
tions- A Phj'siological and Clinical Consideration with Emphasis on Therapy, . , 
Description of Operative Procedures, ed. 2, Springfield, 111., Charles C Thomas, Publisher. 

1942; (c) footnote 6. 
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gently, and loss of blood must be minimal. Use of dry sponges and the weighing 
scale during operation to ascertain loss of blood will make the surgeon and hi? 
associates “blood loss minded,” a very important contribution to simulation of 
physiologic sleep during operative procedures, especially for substandard risk 
patients. 


One unaccustomed to consider operation in this light is prone to believe tiiat 
operation is an ordeal which should be got througli quickly and that the time 
dement is the all-important consideration in the success or failure of an operation. 
Surgeons who hold to this view frequently cause their patients to have a titful 
operative sleep, wholly unaware that their own hurry is largely responsible for 
die uneven course manifested bv the patients during operation. They conclude 
quite naturally, therefore, that if an operation of an hour or two in their hands 
constitutes a major ordeal for the patient, longer operations are obviously 
out of the question. These same surgeons are skeptical and manifest signs of 
Muiistakable incredulitv when informed that a patient of SO years or more can 
. Maintained through a long and arduous operative ordeal, when well prepared 
for operation, without exhibiting quickening of the pulse or decline of blood pres- 
sure. To be sure protects the patient’s interests far better than to be swift. Nothing 
s lould be left to chance. The operation should be done in such a manner tliat the 
patient has to contend only with it not with the complications incident to burr}'. 

Obviously it takes an organized team of anesthetists, nurses and surgeons 
^OTldng together harmoniously with precise coordination to make a long and 
■fficult operative procedure simulate physiologic sleep. A high level of concen- 
hation and alertness must be maintained for the task at hand by all participants. 

6 anesthetist must not go to sleep with his patient. And the surgeon must culti- 
vate the attitude of trydng to perform every phase of the operation to his oum 
complete satisfaction. The patient’s welfare is the paramount consideration , tlie 
Matter of whether a difficult resection should be undertaken or not should not be 
^ v-°vitingent on whether tlie surgeon has allotted himself adequate time in 
^'Mch to complete it. The surgeon in justice to his high calling and to his patient 
-wuld put aside every other concern and discharge to tlie best of his abilit} the 
^ponsibilit}- he has undertaken — an instruction more easily given to others than 
oilowed consistently by oneself. The great importance of the surgeon’s resigning 
'Mself completely to the interests of the patient being operated on long since 
f me that afternoon operating scliedules more easily permit tlie surgeon to 

^his self-imposed obligation of putting aside every other consideration in 
to best work and sen’e his patient best. All need for hurr} 

appointments and fulfil luncheon engagements is done away witli._ Such a 
5 u impels tlie surgeon to appear a less social being tlian his oum instincts 
confV^- vs only another concession which he learns to support uithout 

toMplaint in the interests of his patient and his calling, ^^''hat right 1ms the surgeon 
durin”^- commitments of the day to conflict urith concern for the patient 
^ ^Mal of suspended animation, since it is his interests that the surgeon 

to regard as dominant? 

can ^ “°v-e than four years, all anastomoses in the gastrointestinal 

metl clinic have been made b}- the closed, or aseptic, method. The closed 

gastric resection whicli I described in 1940® and again in (1941) ' has 


ir.05h O. H.: Aseptic Gastric Resection: I. A MeUiod of Aseptic Anasto- 

^ Segment of the Alimentarj' Canal (Esophagus, Stomach, Small or 

^^ntintr ; n. Including Preliminarj' Description of Subtotal Excision ol the Aa 

’■fa for L'lcer, Surg., Gjnec. & Obst. 70:58-70, 1940. 
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been continued with no importnnt changes in tlie technic. 'J'iic latter paper dcscril)es 
in detail all the essentials of the procedure, of which only a tabular outline will be 
given here. Holman’'’ and Babcock” (1942) more recently also have adopted 
the closed method of gastric resection, 

1. Tlie patient goes to the operating room with an indwelling duodenal tube 
(nine hole tul)e) in place, great care having been observed to have the stomach 
completely empty ; suction is continued throughout tlie period of the operation. 

2. 7'hc anesthetic agent is intratrachcally administered cyclopropane. During 
the past year spinal anesthesia (not continuous) has been employed fairly regularly 
as an adjuvant measure to augment relaxation during the early part of the operative 
procedure. 

3. Exposure is obtained through a long left subcostal incision (fig. 3). Gastric 
resection carried out through this incision, save for delivery of a jejunal coil of 
intestine with which to establish the anastomosis, is entirely a supracolic operation. 
Almost throughout the length of the procedure, therefore, the small intestines need 
not be exposed nor visualized (see item 5). 



Fig. 3. — The e.xposurc through a left subcostal incision. Ready access is liad to the fmidic 
portion of the stomach; the duodenum may be dealt with readily through the same incision. 
This incision for gastric resection has many advantages. An important one is that it is 
entirely a supracolic exposure, eliminating the necessity for packing away the small intestine. 
(Reproduced from Wangensteen, « hy permission of Siirffcry, Gynecology and Obstetrics.) 


4. The anesthetist not objecting, the patient is maintained in slight Ireiidelen- 
burg position throughout the operation, with the feet 15 to 20 cm. higher than the 
heart level. An intravenous needle or cannula is placed rcgularljf in one of the ankle 
veins before the operation is begun, and a slow trickle of saline solution is main- 
tained at the outset to keep the needle open. 

5, Only dry sponges are employed, save where a retentive pack may come in 
contact w'ith the small intestine. Inasmuch as the complete dissection in t 'C 
ordinary gastric resection as carried out in this clinic through a long left siihcost.i 
incision is almost entirely a supracolic operation, save for anchoring the (Inal stoma 
beneath the transverse mesocolon, there is rarely need for employment of any moi.s 
saliire packs. In all infracolic operations, restraint of movement of the small intc.stmc 

10. Holman, E. : Aseptic Resection of Stomach for Carcinoma and Ulcer, Siirg., Gjnec- 

& Obst. 74:146-152, 1942. . ^ rs of 

11. Babcock, W. W. ; Aseptic Gastrointestinal Anastomosis; A One Clamp , 

Universal Application, Surg., Gynec. h Obst. 75:485-498, 1942. 
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must be attained i)y wet packs. In such instances, these packs are counted but 
not weighed. Tlie nonstcrile rootn nurse at the foot of the taidc weigiis the retrieved 
sponges periodically through the operation: thi.s practice has been iinpoitant in 
siding the surgeon to gage loss of blood. I'urther. it has served to make him “blood 
loss conscious. ’ Surgeons who initially caused the loss of 400 to 600 cc. of blood 
during gastric resection learn soon to do the same operation in uncuinplicated 
oases frequently with loss of only 150 to 250 cc. In a difiicult case, with e.xtragastric 
extensions, a far larger loss of blood must be produced occasionally to determine 
^rability alone. Early in the operative jirocedurc. the infusion of plasma is begun. 
Unh .enough plasma sliould be given to cover the loss of blond adequately. Blood 

IS not given, save in the occasional difficult case in which the loss of blood is 
large. 


6. Operability is a relative term. Unless unmistakable signs of inoperability 
2re present, operation is undertaken regularly. Xo patient has been refused opera- 
tion in tliis clinic during the past few vears because of age alone. large cul-de-sac 
|03ss or large ascites with evidence of peritoneal carcinosis and jaundice con- 
raindicates operation. Of the cases in which e.xploration is done, resection is still 
in the majority. In the report of 1941. the resection rate in the cases in 
' ch e.\p]oration was done was 8S.5 per cent ; obviously, a number of the opera- 
tis were palliative resections. During the past 3 ’ear, the resection rate in the 
"'li'ch exploration was done was SS.2 per cent : and obviously tliis figure 
ncud^ only cases of patients submitted to operation. The patients whose 
on ition is frankly inoperable are turned away in the medical outpatient clinic. 
SO, anemia, obstruction and loss of weight do not militate against operation. 

hen exploration is undertaken, only the finding of unexpected peritoneal 
on evidence of widespread and intimate adherence of the growth to tlie 
pancreas, especialh’ when accompanied by the presence of large 
met ^odes, suggests that operation be limited to exploration. A few hepatic 
tre niot constitute contraindication to resection, save when total gas- 

sim "ould be necessaiw. In the presence of direct extension into tire liver, 
excision of a part of the lobe involved is undertaken. Four hepatic 
In "ere done incidental to resection for gastric cancer during the past year. 

Qj of tliese, practically all of the left lobe of the liver was excised. Adherence 
cont^^' tire pancreas, the transverse mesocolon or the colon does not 

done^'^ resection. Simultaneous resection of the colon with the stomach was 

ronta’ ^™es for gastric cancer during the past 3 'ear. Occasionally a stone- 
tori V S^IIbladder or stones encountered in the common duct have been excised 
„ ^ the abdomen is closed. 

'■ecu] excision of the omentum up to tlie gastrosplenic omentum is done 

remove the l 3 'mph nodes between the stomach and the colon. Great 
^Iso r remove as much of the gastrohepatic omentum as is possible and 

ca'^e *f all visible or palpable h'lnph nodes from within it. Recenth’. in the 

j ^ aged 38 with pernicious anemia of seven years’ duration, presenting 
'rialignant polyps in the stomach, one of which was near the esophago- 
Thes"^ ^ S™up of about a dozen large para-aortic lymph nodes was found, 

of the extended as a chain of large isolated nodules, one node on either side 

retract' the celiac axis to the inferior mesenteric artert'. B\" elevating and 

tlie nod”^ pancreas both upward and downward, it was possible to remove 

bira-ao^^' ^^^"een the celiac axis and tlie superior mesenteric vessels. The other 
' rirtic nodes beneath the transverse mesocolon were removed without difficulty. 
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Lymph fistula did not follow, and the patient was dismissed from the hospital ten 
days after a 95 per cent gastric resection. 

Such a procedure probably will prove to be only a gesture. Yet, if the local 
lesion is removed completely, deposits of malignant cells may be restrained within 
the confines of lymph nodes for a long time. The observation of an instance in 
which a somewhat similar dissection and removal of large lymph nodes from the 
gastrohepatic omentum together with the local lesion in the stomach was followed 
by a period of freedom from symptoms of more than thirty months suggests that 
such attempts at palliation may have some merit. The patient just referred to died 
thirty 'three months after gastric resection. A solitary large node near the porta 



Fig. 4. — ^The steps in dissection and closure of the duodenum. Employment of the ha t 
purse strings" at the ends combined with a few Halsted mattress sutures constitutes an emi- 
nently satisfactory method of closing the duodenum. The reattachment of the pancreatic 
capsule (6 a and b) affords assurance that a secure closure has been obtained. The na 
purse strings” shown in 5 a insure good duodenal inversion with a few extra interrup e 
Halsted mattress sutures in the first row. Two rows of sutures are placed usually. U 
duodenal mobilization is adequate, both rows may be placed in the duodenal wall, t anj 
times it is necessary, however, to place the second row in the pancreatic capsule as s o\ 
here (6 a and b). (Reproduced from Wangensteen, footnotes 6 and 12, by permission 
Surgery, Gynecology and Obstetrics.) 


hepatis had occluded the common bile duct and produced jaundice. There were no 
other residuals. 

8. The duodenum is divided after application of the Petz suturing apparatus, 
and inversion is achieved with two rows of interrupted silk sutures. 
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The two half purse strings in tlic lirst row. wliicli I described in 1940.^- 
have proved an eminently satisfactory means of achieving inversion. Obviously, 
the duodenal mobilization to permit inversion must be adequate. Drainage need 
not be employed, and no duodenal fistulas following gastric resection have been 
observed in this clinic in several years. The importance of good duodenal inversion 
contributes much to the safety of gastric resection. 

9. The entire lesser curvature of the stomach must be excised (fig. 6). 
Failure to remove it frequently leaves residual cancer cells in the pro.ximal line of 
resection and makes an otherwise satisfactory operation but a palliative procedure. 
Tlie left subcostal incision facilitates access to the csopliagus and the fundus of the 




K* 

Presenrp steps employed in securing satisfactory closure of the duodenum in Ac 

"ilh invasion. This tvpe of duodenal closure need not be employed frequently 

rlmge h„ The surgeon must use it frequently for patients with massive hemor- 

P«noratm^ a duodenal ulcer and for nonbleeding patients who have a posterior wall duodenal 
duod(»n, ■ l^^vision of the avascular ligament of tlie duodenum as shown m -r, cmgs e 
t'on of the midline and obviates tension. This separation also permits v isua izz 

^’^tent duct and affords the surgeon reliable information conceramg the 

mission may' mobilize the duodenum. (Reproduced from angensteen, y per 

wgcry, Gyytccology and Obstetrics.) 


t’t entire lesser curvature is excised, the residual blood supply 

Great comes from tyvo or three gastric vessels from tlie splenic artery-. 

~ — ^^I'e must be observed, therefore, not to injure that vessel (fig- 1-^)- 

O' H.: The Problem of Surgical Arrest of ifassive Hemorrnage m 

^'ter, Surgerj- 8:275-2SS, 1940. 
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]0. llic extent of tlie excision on the greater curvature depends largely on the 
location of the lesion (figs. 7, 9, 10, 11 and 13). Even for a neoplasm located 
definitely (apparcntl}') in the antrum, a 75 to 80 per cent gastric resection should 
always be done as a minimum. In this clinic the usual extent of the excision for 
gastric cancer is an 80 to 90 per cent resection. Duvitig the past year, only 2 total 
resections were done, hut there were 15 in which the extent of the excision was 
90 per cent or more (table 3). 

I employ the Hofmeister procedure regularly in effecting the gastrojejunal 
anastomosis. Inversion of the upper end of the lesser curvature in the gastric 
\vall (fig. 7 D) simplifies the surgical problem. The extent of a gastric resection 
as carried out in this clinic is varied largely by tlie elevation of tlie point of resection 



Gynecology and Obstetrics.) 

of the greater curvature (figs. 7 and 14). In all resections below 95 per cent, there 
is invariably enough remaining fundus to permit good closure of the upper end 
of the lesser curvature. In excisions of more than 95 per cent, burying the upper 
end of the divided lesser curvature in the residual gastric fundus becomes 
impractical. Under such circumstances, after placement of the Halsted mattre.S3 
sutures of fine silk (fig. 7 D) remnants of the gastrohepatic omentum, tlie pancreatic 
capsule at this level or the proximal jejunal loop may be employed to reenforce t ie 
suture line. I have on a few occasions, when the lower end of the ngit 
Ijorder of the esophagus was involved, removed a strip of it, together witli t e 
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entire lesser curvature of the stomach: in. these instances, especially if the gastric 
resection is large, it almost invariably becomes necessary to resuture the esophagus, 
aithout the advantage of burying it in the gastric fundus. The repaired esophagus in 
such instances looks not unlike a gooseneck 5 to S cm. in length. (,)i)vi(>usly. a total 
gastrectomy would be a simpler procedure in some such cases. \ et. in my hands 
at least, the procedure dcscrii)ed herein is a safer procedure than total gastrectcrni}'. 

11. A closed anastomosis (] cm. in length as depicted in the accompanying 
diagrams is made with two rows of sntnres: the outer row is constituted hy 
interrupted Halsted mattress sutures of line silk and the inner row by a running 
suture of fine catgut. The anastomosis is made at the ligament of I reitz : in 
achlorhydric stomachs, the matter of the level of the anastomosis is not so important. 



Psrrniftm^ placement of the large adjustable clamp on the stomacli. Xote its 

^‘'nsion of the lesser curvature at the esophagus. B, after placement of the upp 
‘he Una,' nnd below the blades are loosened witl: the wrench shown m figure 8 . 

kdffp ^ ’k swung out in the axis of the blades, tlie lower clamp y i i e reaec i 
n>arcin and the cauterv amputates tlie stomach. The amputation ^ 

at tL ^ resection ledge. C, a 6 cm. clamp grasps the lower end ot the divided stomach, 
suture nf'e anastomosis. The upper end is whipped over witli a running 
handL ^’'’^.‘‘atgut. A large roller-skate type of key (fig. 8) is employed to unlock the 
^hown ‘ removal of the large adjustable clamp. The aseptic anastomosis clamp 

. ''u iTi £) 4.t._ ... ^ , * , » . •_ A thp p^ctric 


ti<; 


■sue 


removal of the large adjustable ciamp. i-uc . 

. then applied. The cauterv (not shown here) is- used again to sever the pstnc 

in xi-- /- _i finalK' the coasoilatinsT current or a 


grasp of the 6 cm. clamp. Then, finally, the coagulating current of a 
Tl,e filf'^^^rmy apparatus (Bovie unit with dials set at 70) is applied :or three seconds. 
b,en cvk! is shown in D. No instance of postoperative gastric hemorrhage has 

™°re than 200 consecutive gastric resections in which the closed metho' 


- V- Liiaii v-uiiJ'-cun » V- , 

employing the Hefmeister maneuver shown in figures 9 and 10 was used. 


ulcer, the site of the anastomosis is e.xtreinei_\- important. Jejunal 
otnosis with a long proximal loop in resections for duodenal ulcer predi^po;e^ 
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to stomal ulcer even though the gastric resection is extensive ( 1942 ).i 2 Entero- 
anastomosis is performed in this clinic only when total gastrectomy is done. A 
small amount of sulfathiazole is implanted about the anastomosis, 1 or 2 Gm., 
of which the larger amount is placed above the transverse mesocolon. Sulfathiazole 
does cause adhesions, and only a tiny film of the powder should be rubbed over 
the suture line, below the transverse mesocolon. A total implantation of approxi- 
mately 3 _Gm. suffices for the whole operative field, including the abdominal wall. 
No additional sulfonamide compound is given ordinarily by any route for forty- 
eight hours (see item 5, in the section on postoperative treatment). 

The importance of inverting a minimum of tissue cannot be stressed too much “ 
(fig. 12). In a group of more than 200 consecutive gastric resections performed 
in this clinic for malignant tumor and for' ulcer, not a single instance of post- 
operative gastric retention has been obser\'ed. These observations suggest definitely 
that the surgeon is responsible for postoperative obstruction at the efferent gastric 
outlet. 

12. The indwelling gastric tube (nine hole) is inserted into the proximal 
duodenal loop. Since the anastomosis is made regularly at the ligament of Treitz 



Fig. 8. — Gastric* clamps for the closed gastric resection. The clamp above the wrench is 
applied first. By loosening the burrs above and beneath the blade, the handles may _ be 
rotated into the most convenient position. The clamp below the wrench presents a resection 
ledge. This clamp comes away with the segment of the stomach to be removed. Figure / 
indicates how the clamps are used in the closed gastric resection. The roller-skate 
key shown on the right is used to loosen and tighten the clamp which compresses the blades. 
These adjustable clamps, as well as the anastomosis clamps shown in figures 9 and 10, are 
made by V. Mueller & Co., of Chicago, 


in partial gastric resection, the proximal duodenojejunal loop becomes merely the 
duodenal loop (fig. 11). 

13. Interrupted fine silk sutures are used throughout the operative procedure, 
save in the inner row of the anastomosis. 


13. Wangensteen, O. H.: The Surgical Management of Ulcer: A Chemical .' 

Including Description of How the Secretion Factor Influences the Success of Anasto 
Procedures, Proc. Interst. Postgrad. M. A. North America, to be published. 

14. Wangensteen, O. H.; (a) The Cause and Prevention of Stomal Obstruction >” ^ 

jejunal Anastomoses (Gastric Resection and Gastrojejunostomy), in 

to Harold Brunn, Berkeley, Calif., University of California Press 1942 pp. SSlf2, (^1 
Some of the Advantages of Closed Anastomosis in Gastromfestinal Resections. Proc. In 
Postgrad. M. A. North America (1941). 1942. on. 161-166. 
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ot th ^ ff portion of tlic gastrojejunal anastomosis. In a is shown placement 

placeH posterior row of interrupted Halsted mattress sutures. These sutures are to be 
dam ^ distance of not more than 0.75 cm. away from the clamp. Note position of the 
P^i rotated tr> _i » .i.. Five or six sutures are placed 


damn- “‘^idiice 01 not more than O./a cm. away tror 

beio^"’ permit easy placement of the sutures, five or six sutures are piaceu 

tied. Additional sutures arc then placed between, making a total of ten to 
to a? oach is tied, the assistant (second) who holds the clamps rotates them inward 
sutur^'^^ Maximal approximation at the site of the tie. In b is shown the second posterior 
not T, 1 chromic catgut no. 000). The portion of the jejunum above the clamp is 

cfd Vi). (Reproduced from ^^’ange^steen,c bv permission of Surgery, Gynecology 

'•li 'JOstcIncs.) 



91 anterior portion of the anastomosis. In a, the jejunum above the clamp 

The 1 ^ ''Tth the cauterj— not directly on the clamp but about 1 mm. above 


rotatpf ^ shown in figure 9 have been removed, the handles or tl^ clamps a\e 

approv! ’ double ferrule has been applied, engaging the tips of both clamps, an 
0 is over the handles is in place. In b, the running catgut suture shoum 

'■''«'id retr, . removal of the clamps. Elevation of the midportion of the suture on an 

■aiu-. - “Ctor Dermifc _r n-oeff?/- rtmirli wnth a Slicker, alter which the 


aspiration of the res'idual gastric pouch ^nth a sucker, after \yl ^ 

^ "T* an alligator tj-pe of forceps. The catheter is placed careiully into 

'^'^t sutiir *^ndenal loop of the anastomosis. In c, after the catheter is in plac^ t e an erior 
a fiL •?,* end is tied to the posterior running catgut suture. Beiore tliese ends are 
tlie ! !' H ®'’‘nre is placed at eacli end. to prevent buckling or a ‘purse string effect 
'^''S^ion of y Posterior sutures are tied. (Reproduced from Wangensteen,® by per- 

urgery^ Gynecology and Obstetrics.) 
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postoperative TREATJ,tEN'T 

The essentials of sound postoperative care have been outlined elsewhere® 
and will be presented here only in outline form : 

1. During operation the anesthetist keeps the patient’s trachea dry by frequent 
aspiration through the intratracheal tul)c. If the patient’s bronclii seem wet on 
completion of tlie operation, bronchoscopy is done — an infrequent occurrence in 
our experience. 

2. The patient is transported on his side in slight Trendelenburg position on 
the litter to his room. 

3. The application of suction to the intragastric duodenal tube is commenced 
again and continued without interruption for seventy-two to eighty hours. The 
continuous use of suction during the early recovery period prevents distention; 
in consequence, the patient needs less sedation for pain than he does with a 



Fig. 11. — ^The completed anastomosis, A row of interrupted Halsted mattress sutures of 
fine silk (Deknatal D, 2 pound [0.9' Kg.] test strength) has been placed over the catgut shown 
in figure 10. Care has been observed to anchor the slit in the transverse mesocolon to tiie 
gastric wall 1 to 2 cm. above the suture line. The previous attachment of the ligament o 
Treitz to the beginning of the jejunum (dissected free) is shown just proximal to tie 
anastomosis. The catheter, with holes for suction, both in the duodenal loop aiid tiie 
residual gastric pouch, is shown in situ. The insert shows the residual gastric poueb seei 
from above the transverse mesocolon. There apparently being no necessiU^ for a tu c n 
the efferent jejunal loop, use of the forked tube has been abandoned. 


distended bowel. The patient is allowed water to drink as soon as he awakens after 
operation. For purposes of avoiding too frequent changing of the suction bottles, le 
fluid intake is limited to 2 liters per day. Very few patients wish to e.xceed t us 
amount, with a satisfactory paraoral intake of fluid. The hypodermic administraUo 
of small doses of sodium phenobarbital three or four times a day makes the pa 
less apprehensive ; in consequence, he complains less about the irritation of the i 

4 On the patient’s arrival in his room, the foot of his bed is elevated on 
the sh^k frame shown in figure 16. It is kept on the top rung until he is aua ■ 
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This supports tiic blood \)rcssiirc aiid permits jjravitatioii oi aiu" traciieal secretions 
into the patient’s nose or nnnuh, from wliich they may ite aspirated readih'. All 
pntients. no matter what their i'mancial status may he. are [inn-ided v.ith special 
nursing care during the early convalescent period. The nurse aspirates the mouth, 
nose and pliaryn.x frccpientlv during the early hours of convalescence to remove 
mucus. With a well sustained blood pressure and with recover}- of t!ie patient; 
reflexes, the foot of the bed is lowered gradually 'down to the last rung of the 
shock frame — usually si.\ to eight hours after operation. However, as long as 
the indwelling gastric suction tube is in place, tiie foot of the hed remains elevated 
on the lowest rung of the shock frame. In this position, the patient s feet are 
constantly higher than the heart level, insuring a low venous pressure in the leg 
reins, precluding at the same time slowing and stasis of the venous current. As 



obstruction at the efferent outlet after g^s‘rojejuual anastomoses, 
tion at the tissue creates a flap, which obstructs at the efter^ ou * • ". j 

aft' through such an agency is distinctly unusual. B, the 

correct suture. In a I, is shoum an ovputunng (-ncorrec ) ^ th 
large paU an obstructing flap at efferent outlet; in /, a.wide ^to™al -I't ^ 

^'liacent ®tomas at the inlet and outlet (correct), after inversion^ ot 

resections'" f jejunal walls in the anastomosis. A large number ot conse AiAed 

reethc 4 , Ll°'L-“,'cer carcinoma fTnnrP than 200) have now been done bt the clo-ed 


,• carcinoma imore uiati ****.>- - 

^'’<1 ieiunal"^''? care has been taken not to invert more than O./a ot. = “ 

‘he S anastomosis. No instance of gastric retenUon ^cen ob.OT ed 

ffis. lly ?T?“cr withdrawal of the inlying duodenal tube sevenW-two ^uer operatio, 

Cv 


has been obser\-ed 

>up after withdrawal of the inlying duodenal tube sevenW-two hours : a 

‘'I’-ccofn ^cPi^eiduced from Wangensteen, footnotes 8 a and 14 o, b> permksion o 
coregy aud Obstetrics.) 


patient recovers from the anesthetic and is well oriented, the importance 
^Hke ^ enjoined on him. By nurses and surgical hou^e o ticer.- 

re patient is urged a dozen times or more a day to nio\e his toes inces.ant } . 
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when awake — a thousand times a day !” The oxygen tent is employed rarely and 
only on positive indication, such as dyspnea or cyanosis. In the main, if complica- 
tions can be avoided, the administration of oxygen practically can be dispensed with 
after resections in the gastrointestinal canal. Good nursing care contributes far 
more to the patient’s safety and comfort. 

Fowler’s position is not employed. Late in convalescence (about the eighth 
day), the patient may sit up against a back rest to eat, but as long as he remains 
in bed he is asked to lie flat with the knees straight, no pillow being permitted 
beneath the knees. During the period when the patient is confined to bed. 



Fig. 13. — Usual extent of excision of gastric tissue in this clinic. In a is shown the most 
frequent site of amputation for both ulcer and cancer. Great care is observed in resections 
for cancer to remove the entire lesser curvature. For high lesions, the operations in b and 
c are done. The only manner in which they differ from that shown in a is in the extent of 
excision on the greater curvature of the stomach. In resections of less than 95 per cent, it is 
not difficult ordinarily to bury the esophagus at the lesser curvature in the fundus of the 
stomach as shown in figure 7 C. In resections of more than 95 per cent, it is frequently 
impossible to accomplish this. It then becomes necessary to cover the right border of the 
esophagus with the residual adjacent edges of the gastrohepatic omentum at that level. In 
d is represented total gastrectomy. (Reproduced from Wangensteen,® by permission of Surgery, 
Gynecology and Obstetrics.) 



Fig. 14. — The residual gastric pouch in the 75 to 80 per cent resection. It is to be n 
that the residual gastric pouch gets its entire blood supply from two short gastric ves . 
branches of the splenic artery. Ordinarily, in gastric resections in excess of 85 per pen , o 
one short gastric artery is left. It is obvious that caution must be observed not to j 

splenic artery. If the splenic artery or the remaining short gastric arteries are inj > 
total gastrectomy must be done. The large adjustable gastric clamps shown in ^ 

8 have a blade which may be rotated on the handles. These clamps were devise • gj 
with the left subcostal incision to permit maneuverability, at the same time assuring m - < 

protection to the remaining blood vessels. The insert shows the_ normal bio . .pjg 

the upper portion of the stomach. The left and right gastric arteries and the g i 
artery are interrupted completely in the operation as I perform it. 

he is turned from side to side frequently (every two hours day and 
asleep). These strictures have, I believe, a telling effect. Instances of ea i 
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pulmonan embolus alone have not been observed in the gastrointestinal surgical 
smace in tliis clinic over a period of several years. Urging constant movement 
patient during waking hours has another adrantageous effect : 
When the patient gets up nine days after operation he finds himself usuallv stron? 
enough to stand and frequently able to walk. 

A large number of patients with carcinoma of the stomach are old and 
late impaired cardiac resen-e. It is important, therefore, not to ovcrhxdrafe or 
rcioiinctc the patient with sodium chloride solution. Unless unusual quan- 



is a 1 ^.' V. tissue forceps for use in grasping silk ligatures. The larger instrument 

inatpK-'^^ r ^ instrument with a gentle spring, 24 cm. in length and weighing approxi- 

^ ^tn- 1, the smaller instrument is 12 cm. in length and weighs about 20 Gm. Note the 
gj- stnations. Such cross hatchings make it feasible to catch fine silk sutures regularly, 
stri sutures when grasped with tissue forceps having the ordinary transverse 

ations is a matter of common e.xperience. (.Available through V. Mueller &- Co.. Chicago.) 



Fig. 16. — Shock frame emploj-ed routinely after major abdominal operative procedures, 
acement of the patient in steep Trendelenburg position obiiates aspiration of mucus or 
^stric content into the trachea while the patient is asleep. The nasophar>-n.x is kept dr>- by 
intermittent suction with an electric pump. When the paU'ent awakens, the foot of tlie bed 
niay be lowered, but it is kept on the lowest rung for four to five days after operation to 
prevent venous stasis in the leg veins. (Reproduced from Wangensteen.® by permission of 
iirgcry. Gynecology and Obstetrics.') 

tides of fluid are aspirated from the residual gastric pouch and the afferent 
duodenal loop, 9 Gm. of sodium chloride a day is ample. Enoiigli fluid should be 
feiven by vein or subcutaneously to insure a daily output of urine of 700 to SOO 
a day (see section on preoperativc preparation). Inasmuch as a large number 
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of these patients have difficult}' in voiding because of the age factor, an indwelling 
catheter is put into the bladder arbitrarily; this permits accurate measurement of 
the twenty-four hour output of urine. After the initial dose of a sulfonamide 
compound (3 Gm. of sulfathiazole) implanted at operation, no more is given for 
forty-eight hours. Then 0.5 Gm. of sulfadiazine is given subcutaneously twice a day 
as long as the urethral catheter remains in place. All patients are weighed carefully 
the morning before operation and also each morning through the early post- 
operative period. This expedient constitutes the best gage of the status of hydration, 
especially in oliguric patients. 

6. In the absence of complications, granted the patient is not too feeble, 
he is ready for dismissal ten days after operation. And, as a rule, most of our 
patients undergoing partial gastrectomy for ulcer and a large number of patients 
undergoing resection for gastric cancer or partial colectomy with primary anas- 
tomosis for lesions in the large bowel are dismissed ambulant at that time, with 
instructions to come to the outpatient clinic for obsen'ation within a week, before 
finally returning to their homes. However, many patients operated on for 
gastric cancer are too weak to leave the hospital on the tenth postoperati^'e da}'. 

With careful preoperative preparation and well controlled management during 
and after operation complications are few. If the operative procedure is made to 
simulate physiologic sleep, there appears to be no direct correlation between the 
hours spent by the patient in the operating room and his postoperative stay in 
the hospital. Only 14 patients of the resection group in this series were dismissed 
within ten days after operation. Twenty-three were dismissed by the fourteenth 
day. Excluding the 2 patients who underwent total gastrectomy, whose conva- 
lescence was longer because of subphrenic abscess, only 1 patient among the 
survivors was hospitalized for more than eighteen days after operation. In this 
patient an infection of the urinary tract developed, which kept him in the hospital 
thirty-one days after operation. 

The complete disappearance of postoperative gastric retention (see section 
on operation, item 11) has been a great aid to quick recovery of the patient. It 
is a source of constant wonder to me that motor transport in the upper reaches 
of the gastrointestinal canal appears to be entirely normal for solid food a few 
days after complete revision of tlie normal anatomic relationships. 

Another hitherto rather common postoperative complication which is giving 
every evidence of becoming ^'ery infrequent after resections of the stomach and 
colon in this clinic is atelectasis and pneumonia. Occasionally a relatively large 
number of gastrointestinal resections is done consecutively without either atelectasis 
or pneumonia being encountered. Why these complications are observed far less 
commonly now than a few years ago is not wholly clear. I believe that two 
important causes predispose to postoperath'e pneumonia: 1. Regurgitation from 
the stomach into the lungs -may occur. This can be prevented by employment 
of an indwelling gastric suction tube before, during and after operation. Use 
of the Trendelenburg position and the electric suction apparatus immediate} 
after operation to aspirate mucus from the nose, mouth and pharynx JS 
important prophylactic measure against both atelectasis and pneumonia. 2. oo 
rapid administration of too much fluid invites cardiac failure, pulmonary e ema 
and pneumonia, especially in patients in the upper age brackets. ^ 

The use of the intratracheal catheter, with a balloon to provide a 
respiratory system and frequent aspirations of the mouth and pharynx as vc 
as the bronchi through the intratracheal catheter by the anesthetist urmg 
operation, probably also diminishes the opportunity for lodgment of mucous p ug 



S99 


n .-;.\( 7 £. v - S ‘ r / r / i . v -~. s 77 {’(, 7 ('.-;/. problem of coxcer 

« the bronchi with ciisi, ant atdcctasis. The work c,f Xt.n.i^cstcr and KJep.er 
>nth a ^ "f Duriiijr early cnnvaic.'^cencc liypcrventilation 

ProbaHv dioxide and oxyt;en is carried oiu several times a dav. 

of banner "npfftant. however, in the prevention of atelectasis is the practice 
snake \vhh several successive forced conphs every two hours when 

the sulfnnnm-7 supported firmly hy the nurse. .\nd finallv. 

oneumonis <^oinpounfIs may jilay a helpful role in thwarting the occurrence of 
development ' mucous pltigs in the bronchi may predispose toward its 


techxic of excision- of hxtexsioxs ixto the fiver 

partial Tierar^f Irejiatic tissue is not difficult to control. After the first 

employed cautery, it was believed that a wire loop, 

purpose welT ^ snare attached to a surgical diathermy unit, would serve the 
nninvpri' t ^'^fS^dating current was applied to the lung tourniquet, the 
wire 


the to tighten the wire loop. For areas less accessible for use oi 

op, It was proposed to scoop out successive areas with the loop with 


empIo^Tnent of the 
The; 


cutting and coagulating current. 


rtverted to^ moments were found not to be particularly helpful. I have tlierefore 
3s they a cauter\-, placing hemostats on large intrahepatic vessels 

on the^c these vessels are tied, a small gauze sponge is 

coniol Later, during the final moments of the operation, 
attached resection, invariably it is found that the sponge has 

difficulty T • fo the cut surface of the liver and is detached only with 

necessan- t similar to one well known to housewives, who find it 

^ glass coin sliced liver in the ice box with wa.xed paper (or put it in 

"'uscle hav sticking to adsorbent surfaces. Thrombin and 

P’'obletn of hi useful in controlling oozing. In the main, however, the 

''as belip, A from cut hepatic tissue has been far less formidable than it 

Thr ■ initially. 

«ase liver can be excised bv use of the cauterv with 

tp -t nav< 


to 


«cice a 1 ^ occasion while undertaking gastric resection for cancer 

^^'dy laj- portion of the right lobe of the liver. HowcA-er, I have removed 
♦ 4.1. ■> ^ge portion nf 1 


a ; 

of the^ portion of liver tissue at the ligamentum teres, removing a segment 
Approximated lobes. If the adjacent edges of hepatic tissue cannot be 

being stjm] a colon may be mobilized to cover the raw edges, tlie mesentery 
"'ffi a smaH ^dges of liver to produce a closed space ; drainage of this space 

biliary- gjA "'d direct the temporary escape of bile to the outside. Such 
P^'Otriptlv ^ become sealed yvith the colon and mesocolon and close rather 

bom the direct hepatic extension occasioned by invasion of the tumor 

T"o of ^ demands no explanation. It is a simple and feasible procedure. 

PArtial gastric "'bora partial hepatectomy^ yvas done coincidental yvith 

^"'entv mn are yvell and give no evidence now of having any residuals. 

pounds (Ig passed since 1 of them yvas operated on, and the patient is 

'Another riian b^Avder than his preoperative yveight and is yvorking regularly. 

'A'oised from”' years, from yvhom a large yvedge of hepatic tissue was 

mght and left lobes, is also yvell tyvelve months after operation. 

i'- 


'O J>i 


^^S^estcr T 

''-'^wonia t’ t -■ ^"'1 Klepser, R. G.: A Pos: 

’ ^oiect. Di's. 63:94-102, 193S. 
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1 he 2 remaining patients probably have recurrence on the basis of incomplete 
removal of other extragastric extensions at the time of operation. 

lo a few patients with cancer of the colon in whom a few isolated hepatic 
metastases were found in a lobe of the liver in the course of partial colectomy, I 
have proposed going back after the lapse of two or three months to remove that 
section of the liver — in the manner in which one would propose dealing first 
with the local lesion in cancer of the lip and subsequently with the involved 
regional lymph nodes. The time interval here should probably be a little longer 
than the usual interval with the lip operation. As yet, however, no patient has 
accepted the proposal. I have resected the colon in the presence of hepatic metastases 
a number of times and have Iieen astoni.shcd to note how frequently the patients 
survive for a year. One patient with hepatic metastases from a carcinoma of the 
small bowel dealt with by operation has been followed in this clinic for four 
years. The hepatic metastases were not removed, and the patient’s weight con- 
tinues at 70 pounds (32 Kg.) more than his weight at operation. It is to be 
admitted that survival for a year after gastric resection done for a malignant 
lesion in the presence of hepatic metastases is unusual. Assuming that the local 
lesion has been e.xcised completely, one could justif 3 % under otherwise favorable 
circumstances, secondary entry to excise a portion of the liver in which a few 
isolated hepatic metastases were noted at operation. Granted that the primary 
lesion has been excised completely, the only^ source of further extension would be 
growth of the hepatic metastases. Probably these conditions are unusual and 
matters for contemplation rather than situations which the surgeon will have to 
concern himself about very much. In cases of colonic cancer, secondary extirpation 
of metastases in a single segment of the liver is, I believe, a justifiable undertaking, 
in the light of the long survivals attending removal of the local lesion. Further, such 
secondary partial hcpatectomies will afford some information concerning the mode 
of spread of metastatic cancer within the liver — information which cannot be 
obtained as long as the local lesion remains in situ.'® 


■TOTAL GASTRECTOMY 


Somewhat more than two years ago, I did a succession of total gastrectomies 
without particular immediate incident. However, the late development of sub- 
phrenic abscess in a number of the cases (see section on complications) soon 
dispelled the thought that total gastrectomy might be done with a risk not out 
of line with that of partial resection for gastric cancer. Total gastrectomies weie 
done on 2 patients in the present series, hi both of whom subphrenic abscess 
developed. j. 

The schemes of operation suggested by Roscoe Graham " (1940) and Morton 
(1942) probably offer the best protection against the development of subplirenic 
suppuration. As a matter of fact, a method for total gastrectomy not unlike t lat 
of Graham was proposed and described by me in 1937.'® When the closed metlioc 

16. It may even be justifiable for tiie surgeon to ash whether partial hepatcctomy might 

not be worth while in cases of cirrhosis. Normally, the best stimulus to regcncra ‘O') 
hepatic tissue is to excise a part of the liver. If cirrhotic liver can regencra e, 'j) . 

considerations which should deter the surgeon are: (1) the question of P®”’!*’’ , ‘.i,,,! 

and the matter of increasing the resistance to inflow of portal blood through the n 

(2) the poor tolerance to operation of patients with cirrhosis. s., lojn 

17. Graham, R. : Technique for Total Gastrectomy, Surgery^ 8:257-2o4, y ■ 

18. Morton, C. B. ; Total Gastrectomy: Technical Considerations, Surg., Gy . >• 


75:369-373, 1942. 

19. Wangensteen, 0. H.: High Gastric Resection m 
of Personal Experience, Journal-Lancet 57:1-4, 1937. 
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ct anastomosis was adi^plcd iu this clinic, it sccincd t<i luc tl’.at ciicnmpas.-'inij 
fte esophagojcjunal anastomosis within the aricrent and ciicrcnt linlll^ of tlic 
jejunum to prevent fistula fonnatifni was nnnc('cs>ary. My more recent expeneiuc 
mth total gastrectomv suggests that hurying the site ot the esopliagojejunal anas- 
tomosis within the confines of the adjacent jejunal limbs ascending to and 
CcJcending from the anastomosis is a verv worth while maneuver. In eoinpletnpe 
‘Ue dissection for the esophagojcjunal anastomosis, the blood vessel,' courning 
wer the fundic end of the stomach arc inti;rniptcd, and this tindonhtcdly in man;, 
instances comprises the blood sn|>ply to the infradiaphragmatic portion of the 
Kophagus. 


T.oii.k ]. — Tyf-rs />; Ol-rr,ilsor. ar.d !Ios{':taI Morlality 


Nntii! ' r of 


n Ewioration and JcJuno.Onmv 

S g^^'troKitino'tomy 

rt??oclion5 

Q- Cartinomn ',^1 

D- I'nnphosarcomn 1 

I T,^,^^5omyoma 

iftalpastrcctomy 

Total? 

n^-ectabUity rate, SS .2 per c^nt. 


TIocpital 

P''ath*: 

0 

0 


Recovery 


o 
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T.^ele 2 . — Analysis of Cause of Death tii Fatal CasiS 


Date of 
W-Etation 

Initials, 

Age. 

Sex 

s/s/u 

A. E. 


years 

Male 

lo/is/n 

_E. P. 

2 / 23 ; 4-2 

*1 years 
Temale 
E.P. 

“1 years 
Male 



Extent of 
Or*€ration 

SO per cent pn.'tric re- 
section and excision of 
segment of transverse 
colon n-ith primary 
anastomosis 
SO per cent gastric re- 
section, excision of por- 
tion of pancreas 
00 per cent resection, 
leaving only tiny wedge 
of very apex of gastric 
fundus about l cm. in 
length and 5 cm. in width 


Survival 

Period 


Cause of Death 

UnTvoidalde .-rvoidable 


Cdavs Coronary 

thrombosis 


4S liours 


Fatty liver, pneumonia 


57 days 


Peritoneal abscesses 
caused by having left 
a sponge in the peri- 
toneal cavity 


OPER.-\TIVE MORTALITY 


the hospital after operation are reckoned in j 

S? The results are indicated in table 1. The mortahty ^ ^ 

b tha ? ^ in the resection group. 7-8 per cent. It is to be noted (tabk 

ken iv ^ unavoidable death. The character o t ' 

^ inniP 2 f £»<4 Z j.it T- .I* _T cVi-iV re.'ectl 


Ukei 

six 

o-nd 


the resections under- 


• i unavoidable deatn. ine eudi siv.lv.. ... . 

*' ®5one‘i;i"w-nrrical resident’s 
%'el{ ^ ^ larger number, however, were done b} - » 

’^'‘anaw^p three preidous reports on operative mortaht} in of ' 35 

lases of ” ‘carcinoma of the stomach. Two y^ears ago in a » resection 
gastric cancer the resection rate was 88.5 per cent and i ^ 

"-as 11.5 per cent (see table 1 and footnote on page 2/6 in 



902 


ARCHIVES OF SURGERY 


report®). The closed anastomosis was used in all cases in both series. In 1937, 
a report was made covering a thirty month period from July 1933 to January 
1936. The resection rate was only 28.5 per cent. During that period, I did only 12 
resections for carcinoma of the stomach, with 1 death (8.5 per cent mortality). 
Prior to July 1933, my experience with a high resection rate for gastric cancer 
had not been good. As the recent study of Livingston and Pack^ indicates, very 
few surgical clinics in this country could then boast of a satisfactory operative 
experience with the surgical management of carcinoma of the stomach. Chastened 
by the sobering effect of a study of those results and the criticism of my colleagues, 
I determined to limit attempts at resection to distinctly favorable cases of cancer 
with the happier but more contracted experience just related. Emboldened by 




Table 3. — Extent of Gastric 

Resection 




Number of 

Hospital 




Cases 

Deaths 

Cause of Death 

1. 

Total gastrectomy .. 


0 


2. 

99 per cent resection.. 


1 

See case 1, table 2 

3. 

93 per cent resection.. 




4. 

95 per cent resection.. 


, , 


5. 

92 per cent resection.. 




c. 

90 per cent resection.. 




7. 

85 per cent resection.. 




8. 

80 per cent resection.. 


2 

See eases 2 and 3, table 2 

9. 

75 per cent resection.. 




10. 

05 per cent resection.. 


.. 



Totals 


3 


Table 4. — Simultaneous 

Performance of Procedures 

in Addition 

to Gastric Resection 


Number of 

Oases Deaths 


1. Partial hepatcctomy 2 0 

2. Partial hepatectomy and splenectomy 1 0 

3. Partial hepatcctomy and excision of previous gastrojejunostomy 1 0 

4. Simultaneous excision of portion of pancreas 1 ’ l 

5. Simultaneous excision of previous gastrojejunostomy 1 0 

G. Simultaneous excision of gallbladder 1 0 

7. Simultaneous cholecystostomy 1 0 

8. Simultaneous repair of paraduodenal hernia l 0 

0 . Closure with open duodenum owing to duodenal extension 2 0 

10. Simultaneous resection of transverse colon 3 1 

Totals 14 2 


Cause of 
Death 


Patty liver 


Coronary 

thrombosis 


that experience, I again considerably extended the indications for resection. 
In the subsequent period (Jan. 1, 1936 to Nov. 1, 1939), covered by the report of 
1940,-® the resection rate had mounted to 70.9 per cent, 39 resections in 55 patients 
operated on. Extending the operability beyond the generally accepted orthodox 
indications for resection also increased the mortality materially — 8 deaths in 39 
cases of resection, a mortality of 20.5 per cent. 

It has been very gratifying to note, therefore, that during the last three years 
the resection rate has gone still higher, but with a distinct lessening of the mortality. 
The closed resection has, in my opinion, been an important factor in the reduction 
of that mortality. Four additional technical features deserve mention : ( 1 ) use 
of the left subcostal incision and fine silk sutures instead of catgut, with com- 

20 \Van!;cnstcen, O. H.; The Surgical Management of Carcinoma of the Stomach. Min- 
nesota Med." 23:210-215; 1940. 
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pletc elimination of iho Iia 7 .ards oi evisceration; (2) safe and secure closure of 
tlic blind end of tlie dnodentini. witii elimination of deatiis from poor inversion: 
(o) avoidance of postoperative obstruction at the etierent outlet, with complete 
disappearance of all svmjitoms or <)hjective evidence of obstruction at the efferent 
gastric outlet, and ( 4 ) avoidance of a closed duodenal loop at the afferent gastric 
inlet by use of the inlying duodenal tube threaded into that loop from the residual 
gastric pouch at the time of operation ( lig. 11)- The last-mentioned complication 
is not frequent, but it is a potentially serious one. 

Iherc are a tew other items whicli have contributed in an important mannci 
to more uniform success in bringing substandard risk patients safei_\ through 
operation: (1) improved anesthesia: (2) elimination of the element of huria' in 
the operation (some ve,ars ago gastric resections were done regular!} in tliis clinic 
in one and a half to two hours: since my associates and I have ceased to ask 
“How long?” but ask instead “How well was the operation done?" more sumyais 
have been entered in the ledger of successes and failures) ; (3) practi^l elimina- 
tion of pneumonia and atelectasis as a frequent postoperative complication and 
generally improved postoperative care, and (4) improved preparation of tlie 
patient, especially with reference to proper feeding. 


CO.MPLICATIOXS 

The onlv serious complications in the resection group 2 

patients on ml.om total gastrectomy teas done. In both oi “ teU In 

developed. One of them had a temporary esophagojejunal 
both instances response to drainage of the snbphremc 

Carter =■ (1939) has indicated, when subpUrenic abscess forms altw gastnc re.e 
tion it is found almost invariably beneath the left side ot ^ 

Roentgenograms are lateral films 

posterior and lateral films and the other when he is 

with barium sulfate, one i„gicate' (I) whether an abscess is 

■n a steep Trendelenburg P“‘'“"’ ® ® j ^ Wdinarilv, I drain a sub- 
present and (2) ' above the left inferior 

phrenic abscess on the left side ^ cartiIa<Tes are removed, together with 
costal margin. The ninth Ts fen ,nade through the posterior 

almost a centimeter 0 . ™"£7Jsed at this level, or one mav dissect 

perichondrial beds. The ^ iaphragm and peritoneum over the area of 

up over the diaphragm, openm^ concerning the likelv location of the abscess, 
induration— which site gives draining a subphrenic abscess, a method 

This is a simple ^^traserous ^ pj^torial anatomy, 

which suggests Itself readil} . ^.j„„\een emploved by French surgeons during 
The method, I find, is not ne its use in ISS7. Canniot worked 

the last century. Lannelon^ie ^ Lejars wrote a comprehensii'e 

out tlie anatomic details in attack on subphrenic abscess. In German 

paper concerning modes ot surgi ‘ draining subphrenic abscess had 

surgical literature, this extraserous 

21 . Carter, B. traitemer.t. 

22. Lannelongue : Lc^ 

7:235, ISS7. ^ . re-=ection du bord inferici-.r du thorax pour nbordrr : 

23. Cann.-ot, E.: De ka rejection ^ ,go,. 

ve.xc du foie. de i.a mne sous-iv-.rcui-iuc. Sctr.a:r.e :r--- I 

24. Lejars. F.; n>- -ui i 
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been described by Melnikoi¥.-= Ochsner and his associates"® have given much 
study to the general problem of subphrenic abscess. 

In the main, the supracostal extraserous method described herein is a satis- 
factory way in which to drain most subphrenic abscesses on the left side, as 
well as some on the right side. One of the drawbacks of the method became mani- 
fest in 1 of the 2 patients on whom total gastrectomy was performed. Drainage 
through a supracostal incision on the left side had been made. Because fever 
failed to abate completely, a posteidor drainage was made. The Penrose drain 
placed at the time of the first procedure was found within the abscess cavity at 
the second operation. Posterior drainage affords the advantage of continuous 
dependent drainage. 

It seems somewhat strange that this relatively simple method of draining a 
subphrenic abscess should not merit description in most textbooks on abdominal 
surgery. The only textbook in which I have noted its description is Spivack’s 
book on abdominal operations. Another possible deterrent which may have dis- 
suaded the French surgeons from continuing the operation is the drainage of pus 
over exposed cartilages. The development of chondritis has not been observed 
with this method of draining a subphrenic abscess in this clinic ; it is, nevertheless, 
a possibility. 

EARLY DEATHS IN RESECTION GROUP SUBSEQUENT TO DISMISSAL 

FROM THE HOSPITAL 

Six patients are known to have died after dismissal from the hospital. Five 
of these died of cancer. The other patient, a dyspneic man of 60 with a low vital 
capacity from an occupational silicosis, died two months after operation of lobar 
pneumonia. Flis physician reported that no residual malignant growth was found 
at autopsy. Two of the 5 persons who died of cancer were patients with pernicious 
anemia, who had hepatic metastases at the time of operation ; one survived one 
hundred days and the other one hundred and twenty-three days. A patient with 
invasion of the duodenum necessitating inversion with an open duodenum (fig. 5) 
died two months after operation. Another patient, in whom a 90 per cent pal- 
liative resection was done for a tumor adherent to the pancreas and transverse 
mesocolon, died four months after operation. The remaining patient known to be 
dead had a total gastrectomy and died approximately five months after operation. 

Two additional patients have obvious evidence of recurrence — one at six 
months and the other at nine months after the operation. One additional patient 
presents presumptive suggestions of recurrence nine months after operation. In 
addition, there are a few patients who continue well despite microscopic evidence 
of cancer at the line of resection, in whom recurrence may be expected. 

The enumeration of these circumstances affords little encouragement to the 
surgeon who proposes to improve the status of the patient with a late or far 
advanced gastric cancer. Yet in many such instances surgical interv'ention is 
necessary to arrest vomiting and prevent death from thirst and starvation. Without 
an aggressive surgical attitude toward the problem of gastric cancer, the incidence 
of ultimate cures will be limited to the distinctly favorable cases. In any case, 
obviously, the larger number of cures will always come out of that group. Yet, if 

25. MclnikofT, A. ; Die diirurgischen Zugangc durch den untcren Rand dcs 

zu den Organen dcs subdiaphragmalen Raumes, Deutsche Ztschr. f. Chir. 182:83-151, iy2J- 

26. Ochsner, A., and Graves, A.: Subphrenic Abscess: An Analysis of 3,372 Collectcf 

and Personal Cases, Ann. Surg. 98:961-990, 1933. _ , c n 

27. Spivack, J. S.; The Surgical Technique of Abdominal Operations, Chicago, b. 
Dchour, 1936. 
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foriiial rtKcciifjn can lx: c.xlciulcd lo the ixiliciils with advanced cancer as only a 
li-'ilHalivo proccdni c. williont grc.'it increase of risk ov<‘r that presented by ex])loration 
f'l' C'C.ti'ojejnnostoniy, the additional salvafic in lenf,Mh of survival and increased 
('fiiiilort .'.honld he worth the extra expenditure of time and elTort. 


I.ATK KKSIJI/rS 

iVfy associate ]Jr, Georfje S. Berpdi he/jan some years ag(j a follow-np of 
patients who had survived ^;astric resection in this clinic. In 1939 he found 
tliat 57 patients had survived operation for carcinoma of the stomach and were 
'J'ell williont evidence of reinrn of the di.sease for fairly lonjj periods, np to more 
than ten years after o]X:ralion. (Jontinnance of that study was interrupted h}' the 
"''ar, and the inessiire of many ohiipo'ilions (xi a depleted ho.spital stall' prcchulcs 
’"ttfoiiff Dr, iiereh’s sindv of earlier re.scclions for easiric cancer no to date 
•'t this lime. 


SUM MAKY 

f^arcinoina of the stomacli is one of the mo.st .serious of all snrj,dcal disorders and 
talces a larf^e toll of life. A larpw proportion of i>atients with gastric cancer continue 
to eonie to the .surgeon Uxj late to he henel'ited hy oix;ration. Of patients not 
‘droady presenting ev'idence of inoperahility, the majority of those submitted lo 
■‘■'irgical exploration can have the lesion re.sected with a rea.sonable risk. However, 
’9 any .such group there are hound to he a fair nnmher of ])alliative re.scclions, 
’"'less the .surgeon is constrained Kj limit gastric re.section to the favorable ca.ses only. 
I" the main, palliative re.sections for ga.stric cancer do not prolong life as much as 
■•""liar operations undertaken for colonic cancer. Nevertheless, as long as pal- 
"■itive operations can he done with reasonable risk, it is i)refcrahle to excise the 
"Icerative lesion, even though the Ix'ttermcnt is only temporary. The surgeon 
•‘•honld excise the entire lesser curvature routinely in all oi)eratic)ns for gastric 
9'"'<"noma, to avoid leaving residual micro.scopic cancer at the i)roximal line of 
K’M'ctioii, 'J'lie resection rate in the group of -'13 ca.scs reported was 88,2 j)er cent, 
he hospital morttdity was 7 per cent and the re.section mortality 7.8 jicr cent. 

I W() ()f tl)(; 3 hospital deaths in the pre.sent group were avoidable. 

1 he closed anastomosis is employed regularly in all re.sections in the gastro- 
"itesliiial canal in this clinic, The exix-rience of this clinic with its use suggests 
'•'I it is an item of some importance in e.xtending resection to patients who are 
'•"bst.-mdard risks witlumt increasing the hazards of operation. The loss of blood 
diiiiiift operation should be minimal, bauployinent of ilrv sponges and (.>f the weigh- 
"'i: scale teaches the surgeon and his .stall that .slight up.sets of the bodily economy 
dtuiu}; operation are well tolerated by the patients. Kestorative ilnids given lo 
oilsel tile uji.sets wrouglU by the surgeon .should be given by precision technic — 
"eilher tvio mm-h n(>r too little. The weighing scale constitutes the l>c>t and ino>t 
'‘■liable index of the amounts neces.sary. .\ well planned operative procedure 
diould simnlate physiologic .sleep -recovery from tlie patient's illne.ss conimeu.cing 
"'111 the beginning, of the (>per;ilion. (.'iH-ralive j^rocedures which tv't the patient ' 

‘ ''parity to t(iler;ite gre;it tluctuations in vittd functions aNo tax his ability to wito- 
'•land ihein. 'Phe outcome of such procedures is uupi edictable. riie phumed 
''I'ciation lea\es nothing, tv> chance, and the vi-.k a'-'-umevi !>>i the I'.itient id 'U-eep- 
hble of measurement. 


I'etcli, ti 


SvnniMi 1 hn'U’H 
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Complete elimination of postoperative obstruction at the efferent gastric outlet 
after resection has been an important item in reducing operative hazards, mor- 
bidity and mortality. The somewhat improved showing in the present scries over 
that of two years ago has been achieved essentially by better preoperative manage- 
ment. It is hoped that eventually the disparities of risk in gastric resection for 
ulcer and for carcinoma will be largely erased. It is likely, however, that lhi.s 
objective can never be achieved entirely unless the resection rate is reduced. 

Hepatic resection is a justifiable procedure for the excision of direct carcinoma- 
tous extensions from the stomach into the liver. Four such operations were done in 
the group of patients reported on — all without particular incident. It is suggested 
that in cases of colonic cancer it may prove feasible to do a secondary hepatic 
resection for isolated hepatic metastases in otherwise favorable cases a few weeks 
after the excision of the colonic lesion. One instance is reported herein in which 
para-aortic lymph nodes were removed coincidentally with gastric resection. It is 
indicated also that any other necessar}' surgical procedure, such as excision of a 
diseased gallbladder or repair of a hernia, may be undertaken simultaneously, 
apparently without pyramiding the risk to the patient. 

The importance of adequate preoperative preparation of poor risk surgical 
patients to withstand formidable operations cannot be stressed too much. The feed- 
ing of a liberal portion of protein with good capacity to bring about regeneration of 
plasma protein combined with a high carbohydrate and low fat diet combats the 
fatty liver diathesis of starvation and repairs hypoproteinemia simultaneously. 
Many substandard risk patients have to be given this diet by intragastric drip 
feeding, day and night. A well planned postoperative ritual following a well 
executed operative procedure should eliminate most of the ordinary postoperative 
complications, including distention, pneumonia and embolism. 

Lasting cures of gastric cancer can be achieved only when complete operations 
are done. If patients with gastric cancer do not come to operation in larger 
numbers in an earlier stage of the disease, there will not be a high proportion of 
lasting cures among those on whom resection is done. 

University of Minnesota Medical School. 



TOTAL GASTRECTOMY FOR CARCIXO^IA OF 
THE STOMACH 

ROSCOE R. GRAHAM, M.B. 

TOROXTO 


The patient who harbors a gastrointestinal carcinoma is doomed unless the 
growth is removed bv a surgical operation. The contraindications for the removal 
of such a primarv growth are decreasing. The primar}- lesion is being removed 
with increasing frequencv because of a constantly decreasing primar}’ mortalit}'. 
Two questions must be answered : 

1. What is responsible for the decrease in the primar}* mortalit}* t 

2, Should one remove the primary malignant lesion if it is impossible to eradi- 
cate all gross evidence of the disease, such as metastases in the liver or in the regiona.1 


lymph glands? 

The lowering of the primar\* operative mortality ol gastrointestinal carcinoma 
is not due solelv to an extensive surgical experience coupled with a perfection ot 
surgical technical procedures. Superb technical skill avails little if the patients 
condition is such that he cannot tolerate without disaster the necessai*}* operative 
procedure. The surgeon must pay tribute and acknowledge his debt to the tunda- 
mental scientists. Thev have accumulated and presented data revealing the bio- 
chemical and phvsiologic disturbances which accompany senous pstromtestinal _ 
disease. Clinicians have been tardy in applying to clinical practice the lessons 
learned in the laboratories. The most recent application ot the laborator} stud es 
in nutrition relates to the administration of protein. For some ftme c miaa ^ - 

recognized and corrected the biochemical imbalance due to dehydration. p - 
chloremia, avitaminosis and carbohydrate depletion, but tie signi rnrrected. 

ciency of protein had until recent years rarely been eit er recogniz nutri- 

Since the discoven* of the need for protein the preparation ot P“= ^ 

tmnal disturbances resulting from gastrointestinal disease has P^en ^ ■ F , 

The readily available protdn afforded by blood or plasma ^^^d YSnSnin^bv 

hydrolized casein has been of inestimable value m restonna preoperative 

parenteral routes the adequate protein metabolism so YY:SY/emand' 
preparation of patients suffering from gastric carcinoma v hich demand. 

at total gastrectomy. . , presence of irremovable 

The wisdom of removing a local ' removal is^ supported by the fact 

metastases is debatable. _ However, the ca- patient, both mental and 

that if the local lesion is removed the com noted that in an unpre- 

Physical, is greatly increased. Further, ^ to have b^ecn 

Jctable number of instances the progress lesion since some patient.^ 

definitely retarded after the removal of P * , anticipated. Tims no 
have sun*ived a much longer time than one Jt could aIwa}S be 

criticism could be directed at removal ^ •' instances in wliich the local 

removed without primar}* mortalit}*. the primarv mortality winch, 

extent of the carcinoma demands a total gas doubful if a total gastrec- 

==till attends this procedure is so great that i i? irremo\*able meta.‘=:a^e^. 

tomy should be carried out in the pre;^ence o , - j individual siirge'V.. 

This opinion, however, will be modified by the ph.lo.op.ic o- 
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by the extent o£ the irremovable metastases and by the age and general condition 
of the patient. While it is true that most patients with gastric carcinoma which 
demands a total gastrectomy will, if they survive long enough, ultimately die of 
recurrence of the carcinoma, it is possible in the majority of cases to give definite 
mental as well as physical relief to the patient during the survival period. Acceptance 
of the responsibility to give mental as well as physical relief will also be a factor 
which will determine the enthusiasm of the individual surgeon for the total removal 
of the stomach. 

Gastric carcinoma is not, as so many patients and indeed a few physicians 
believe, a hopeless disease. All surgeons who have interested themselves in gastric 
carcinoma for many years can recall survivals of fifteen years or longer after 
partial gastrectomy for carcinoma ; and if the primary operative mortality of total 
gastrectomy can be lowered, it may become possible to present patients who have 
survived for a surprisingly long time free from recurrence. My own attitude is 
that whenever possible, unless the metastases are gross or other factors deter, one 
should carry out a removal of a gastric carcinoma even though total removal of 
the stomach may be necessary. 

Although the application of scientific data to the preoperative correction of 
nutritional disturbances makes possible the total removal of the stomach for patients 
who previously would have been denied this opportunity for survival, there is still a 
forbiddingly high primary operative mortality, which, as has been shown at autopsy, 
is due to technical defects in the operative procedure. After much thought and 
many studies, with various combinations of operative procedures, a technic for 
total gastrectomy which has to a great degree overcome the defects and disasters 
of all my previous efforts is now being used. 

The details of the operative procedure I am now using are as follows: After 
adequate preparation the patient is sent to the operating room with a Levine tube 
in the stomach and an intravenous infusion of physiologic solution of sodium 
chloride and 5 per cent dextrose being administered by the drip method. Inter- 
mittent spinal anesthesia is used, based on the technic advocated by Lemmon.^ 
Nupercaine hydrochloride is used as in induction of ordinary spinal anesthesia, but 
the special malleable metal spinal needle and the special mattress suggested by 
Lemmon are employed. If the operative procedure is prolonged beyond the time 
which former experiences have shown to be accompanied by an adequate anes- 
thesia from nupercaine alone, a previously prepared solution of procaine hydro-' 
chloride in spinal fluid is injected as the supplementary anesthetic. There is 
the greatest satisfaction from this scheme of anesthesia. I have completely over- 
come my original horror at the thought of a needle’s being continuously in the 
spinal canal for two hours or longer during the course of a difficult abdominal 
operation. One avoids the anxiety and mental turmoil of the surgeon and 
the increased hazard to the patient which are the inevitable accompaniment 
of supplemental inhalation anesthesia which becomes necessary when the spinal 
anesthesia wears off before the completion of the operative procedure. If the 
patient becomes restless or is awake and apprehensive during the operation, the 
intravenous infusion already in progress permits the intravenous administration 
of sodium pentothal in a concentration of 2.5 per cent. This is very efficient in 
quieting the patient. By this same route one can readily administer stimulants, 
as well as blood or plasma, should such be necessary. This technical modification 
of Lemmon’s method,^ which has been worked out by Dr. W. Easson Brown, 

1. Lemmon, W. T. ; A lilethod for Continuous Spinal Anesthesia, Ann. Surg. 111:140-145 
(Jan.) 1940. 

2. Brown, tV . E. : Personal communication to the author. 
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a member of the anesthetic stat'f of tlie Toronto General Hospital, has resulted 
in a diminution of the operative shock and the undertaking of prolonged and 
difficult procedures with greater safety to the patient than was possible previously. 

The abdomen is opened by splitting the right rectus muscle just to tlie right 
of the midlinc. If the incision is carried high enough so that the peritoneum can 
be opened to the level of the xiphoid cartilage, I have been impressed with tlie 
value of such a high incision in giving an adequate exposure. On occasions the 
left abdominal wall is divided laterally, the incision starting at a point midway 
between the xiphoid process and the umbilicus and dividing the rectus muscle 
transversely. There is no contraindication to this supplementary transverse incision, 
but it is not alwavs nccessar}-. A careful survey of the intraperitoneal con- 
tents for remote metastases, particularly in the pouch of Douglas, should be 
the primarv maneuver. While one need not necessarily withhold a radical total 
gastrectomv in the presence of minimal metastases, it is imperative to assure oneself 
that the result is worth the risk under such circumstances. The hazard of a total 


gastrectomy is much greater than that which accompanies the removal of an exten- 
sive carcinoma of the colon or the rectum. Removal of a local lesion of the colon 
or the rectum is accompanied bv such constant and great relief of s} mptoms that 
excision is justifiable in the presence of extensive metastasea. Similar metastasea 
from carcinoma of the stomach would preclude total gastrectomy. 

When it has been decided that a total gastrectomy is desirable and possible, 
the first procedure is the mobilization of the left lobe of the !i\er bj the di\isiori 
of the peritoneal attachment. This procedure, popularized by Grey Turner." 
gives adequate exposure and access to the entrance of the esophagus to the pen- 
toneal cavity. The great omentum is then removed in its entirety from the attach- 
ment to the colon. If the assistant holds the omentum in one hand and the colon 
io the other, so that tension is maintained on the tissues at the junction of the 
omentum with the colon, the entire maneuver of removing the omentum from 
the colon can be carried out through an avascular plane with the use_ ot surpris- 
mgly few. hemostats and with little trauma to the tissues and loss ot blood. 

The mobilization of the greater and lesser cun-atures of the stomach, wtJi 
^•vision of the duodenum and closure of the duodenal stump, is then earned out. 
The details of this maneuver have been presented prernously ^ as part ot the pro- 
cedure necessary in gastric resection for ulcer. It is advantageous atter ti 
duodenum has been divided to wrap the stomach m a gauze pad and tie the p 
m position with a stout tape. A finger is then inserted through the d^phr^ii 
Reside the esophagus (fig. 1). Using the stomach as a handle Md «ith donn- 
traction on the esophagus, one can mobilize the lower end of 
a remarkable degree. During this procedure both vagus nerv^es are identified 
^nd isolated. The Svision permits a farther mobilization of the The 

fetation of the periesophageal tissues by blunt gauze 
possible to draw down the esophagus until 2 inches (5 
the diaphragm. When one has delivered belpw the f 
of esophagus as seems safe and possible, a point is se appro.xi- 

fficienth- remote from the fixed duodenojejunal junc ion o P tension 

i-iunum to the diaphragm behind 

!!lf^J^senten,^ of the jejunum. The suggestion of Allen mat m j j 

EsJf’^ucner, G. G.: Heno' Jacob Bigelow Lecture -. Some Experience, in Surge. 

J. Med. 205:657-674 (OcU ) ' ^ Duodenal Ulcer, Surg.. 

Gvnl R- R.: Technical Surgical Procedure, tor Lastnc ana 

& Obst. 66:269-287 (Feb.) 1938. . - ^mmach Am T. Surg. 40: 

A- W.: Total Gastrectomy for Caranoma oi the 

(-April) 1938. 
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be attached to the diaphragm by interrupted silk sutures is utilized (fig. 1). This 
excellent procedure anchors the jejunum in such a manner as to prevent a strain 
on the esophagojejunal anastomosis by the weight of the jejunum and its contents. 
After the jejunum has been securely anchored to the diaphragm, the esophagus 
is then sutured to the anterior surface of the distal limb of the jejunum by inter- 
rupted silk sutures (fig. 2). Three or four such sutures on each side are usually 
sufficient. The most distal suture on each side is placed at the level of the proposed 
anastomosis of the end of the esophagus to the side of the jejunum. These sutures 
are left long and held with hemostats to act as guy sutures. Holding the guy 
sutures, the surgeon then turns the stomach up toward the chest, exposing the 



Fip. 1. — The stomach has been divided from the duodenum. The infradiaphragmatic length 
of the esophagus is increased bj’ freeing it from the margins of the diaphragm by inserting the 
finger along the esophagus into the mediastinum. The esophagus at a point 18 inches (46 cm.) 
from the duodenojejunal juncture is fastened to the diaphragm behind the entrance of the 
esophagus by means of interrupted sutures. The illustrations for this article have been pre- 
viouslv published (Graham, R. R. : Technique for Total Gastrectomy, Surgerj' 8 : 257-264 
[.•\ug.l 1940.) 

posterior wall of tbe esophagus. Interrupted silk sutures of the Halsted type unite 
the po.sterior wall of the esophagus to the anterior wall of tlie jejunum, (fig. 3A), 
forming the outside posterior row of anastomotic sutures. The esophagus is now 
opened. Before it is opened, however, one precaution must be taken. Tlie Levine 
tube is withdrawn into the esophagus to a point just proximal to the proposed 
site of division. Continuous suction is then maintained through the Levine tube 
while the esophagus is being opened. This prevents the escape of oral and eso- 
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pliageal sccR-tions. wliich dhviou.^ly arc not sterile and wliich otlierwise would 
flood the site cif the anastomosis. A Wertlieim right angle clamp is then placed 
across the stomach at the entrance of the csoidiagus to prevent any spilling of 
gastric contents (fig. 2). The jejunum is opened transversely so that a stoma of 
the .came diameter as the esopliagus is made. The end to side anastomosis is 
then completed hv suturing the mucous mcnihrane of the esophagus to the mucous 
membrane of the jciunum (fig. 3/>). When the posterior layer of the anastomosis 
is completed, the stomach is amputated. The Levine tube is then passed down 
into the distal limb of the jejunum well beyond the level of the esophagoduodenal 
anastomosis (fig. The anterior suture line is then completed in the usual 

manner, making a satisfactory ' end to side stoma between the lower cut end of 
the esophagus and the anterior wall of the distal limb of the jejunum. While 
the stomach mav be amputated from tbe esophagus in an earlier phase of the 
procedure. I have found ft an advantage, particularly if there is a short sub- 
diaphragmatic esophagus, to utilize the stomach as a means of downward traction. 



- 2.— The iniTadiaphragmatic portion of tlie esophagus is p.aced on “ 

W the distal liiub of the jejunum and fastened there by means of 

The esophagus is kept free from accumulated secretions by a Levine tube attached to .uct o 
“Pparatus. 


order to reenforce the line of anastomosis and to surround it u-ith a pentoneal 
“"mns. the proximal jejunal loop is then rolled laterally across the esopha^s 
'Otd sutured to the left lateral margin of the distal limb ot the tejunum 

completely surrounds the infradiaphragmatic portion ol the e-ypbOs 
'"•k >lte jejunal loops and very firmly covers and supports “ 

"“•■rover complete! ° obstructs the proximal jejunal loop, and 
^rrostomy must be carried out between the proximal and the d, a K)onol lo»P 
fS- 45). )Vhe„ the distal limb ot the jejunum is opened , 7^.' °"rthe 

I st'^uT"”™-'" Levine ^ 

J-'al hmb of the jejunum 12 to IS inches (oo to -m cm.; 


ve.i''.‘T''aham, in Bancroft. F. W. : Operative Siirgco' Includin 
■'■"t've Treatment, Xew York. D. .Appleton-Century Compan>. Inc.. 


.Anesthesia. Pre- and P-.-st- 
■ect. 10. i>. 5s^9. 
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enterostomy fistula, so that through it nourishment may he delivered directly 
into the jejunum, obviating the necessity of a jejunostomy. The abdomen then 
is closed vrith interrupted figure-of-eight sutures of stainless steel wire, as advo- 
cated by Jones." I have found it advantageous to place a stitch in the patient’s 
cheek and tie the Levine tube with this stitch, so that during the immediate post- 
operative restless period the patient will not inadvertently withdraw the Levine tube. 

While one can carry out this technic with either catgut or silk, I have been 
impressed with the freedom from trauma to the tissues and untoward reactions 
which accompanies the use of silk sutures to such an extent that I use them in 
preference to catgut. 

It is important to carry into the postoperative period the same meticulous care 
in maintaining an adequate biochemical nutritive balance as was observed in the 



Fig. 3. A, if the infradiaphragmatic portion of the esophagus is unduly short, it is advan- 
tageous to leave the stomach attached to the esophagus while interrupted sutures unite the 
posterior wall of the esophagus to the anterior wall of the distal limb of the jejunum. 
The two lateral sutures are held in hemostats and act as stay sutures while the esophago- 
jcjunal anastomosis is completed. B, the stomach is cut away and the mucous membranes of 
the stomach and jejunum are being united. 

preoperative preparation. While one can administer intravenously sufficient fluid, 
sodium chloride, protein and carbohydrate to maintain an adequate balance, I 
have at the end of twenty-four hours dripped through the Levine tube a 10 per 
cent solution of dextrose in distilled water, at the rate of 125 cc. an hour. At 
the end of fourty-eight hours I begin through the Levine tube the type of feeding 
and management which I have advocated in the treatment of gastric ulcers." 

7. Tones, T. ; Use of .Alloy Steel Wire in Closure of Abdominal Wounds. Surg., Gynec. 
& Obst’. 72:1056-1039 (June) 1941. 
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i^Iy experience in total gastrectomy has been confined to 21 cases. In this 
group I have liad an almost forbidding primary mortality. However, in the last 
7 cases I have carried out the procedure suggested, and in only 1 has there been 
a leak at the site of the anastomosis. This was due to an obstruction of die small 
intestine at the site of a jejunostomy. This obstruction so dilated the pro.ximal 
jejunum as to put an undue strain on the suture line, with resulting necrosis, 
leakage and fatal general peritonitis. This unfortunate experience has led me to 
abandon the W'eitzel type of jejunostomy. I use now when necessar}- the technical 
procedure described bv Clutc and have found it very satisfactory. That it is 
justifiable to strive tenaciously for the extirpation of gastric carcinoma capable of 
removal, even if total gastrectomy is necessar}-, is supported by the fact that among 
the 21 cases in mv series there wore / in which the disease was confined solely to 



the sutures through the posterior layer of 

iS Ler-ine tube is passed do^^•n farther into the d.stal Jejunum r ell past t^e^^ophag^^ 

unal anastomosis, and the anterior layers of the anastomosis ^e , anastomosi= 

is then folded over the front of the esophagus and the ^^“Phagojeji^aJ ana t o.i 
united to the lateral margin of the distal limb of the Snarioops. 

esophagojejunal anastomosis are comp et j de-^ree than the contact 

oi ftp peritoneum to peritoneum ensures healing t “ obstructs the proximal 

tubp ■ ^ ™3hes an enteroanastomosis necessary. ° ^ jeiunal feeding 

eS] .'? farther down into the distal jejunum to make possible direct jeju 

- 'a the natipnt’c ^ » n 1 ^ c o n r* ^ 


^ iti* uier uown luiu l . 
patient's convalescence. 


paticius convalescence. 

That is, in 33 per cent, or one third oHhe cas« 
' ^ctom}’- there has been an absence of metasta_i- 

siands. 


Clute, H.: Jejunostomy, Ann. Surg. 114:462-4/1 (Sept.) l.-’I- 
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Much debate has centered around the wisdom of a coincident removal of the 
spleen. There is no doubt that this procedure makes the operation of total gas- 
trectomy technically easier. However, one must not lose sight of the fact that 
there is a definite change in the concentration of blood platelets after splenectomy. 
In 1 of my cases a cerebral thrombosis developed on the tenth postoperative 
day. This resulted fatally, and autopsy revealed no intraperitoneal lesion which 
could have contributed to the patient’s death. I am wondering to what extent 
the splenectomy was a contributing factor. Thus while I cannot condemn the 
removal of the spleen, I hesitate to perform splenectomy unless it greatly decreases 
the difficulty of the operative procedure. 

When patients have been operated on in the presence of serious nutritional 
disturbances, there is a higher incidence of imperfect wound healing and wound 
disruption than under other circumstances. For this reason I have adopted the 
method of wire closure of the abdominal wall with figure-of-eight stainless steel 
sutures, as described by Jones," and they have proved to be most satisfactory. 
As I have gradually increased the application of this t3'pe of wound closure for 
the undernourished and bad risk patient, I have become more enthusiastic with the 
procedure. I have found that if one places all the sutures before tying any, 
the incidence of breakage of the steel sutures when they are being tied can be 
decreased to the minimum. The freedom from irritation to the wound and the 
fact that it will heal without a sinus even in the presence of a moderately severe 
infection have been surprising and delightful. 

SUMMARY AND CONCLUSIONS 

A technical operative procedure is presented which it is hoped will result in a 
lower primary mortality from total gastrectomy. 

Seven of 21 patients on whom total gastrectomy was carried out showed freedom 
from metastasis in the regional lymph glands. 

The correction of nutritional disturbances during the preoperative and the 
postoperative period contributes greatly to the safety of this procedure. 

Survival after total gastrectomy is compatible with happiness, negligible dietetic 
restrictions and freedom from gastrointestinal distress. 

It is suggested that one is justified in tenaciously clinging to the philosophy 
that gastric carcinoma should be removed, even though total gastrectomy may be 
necessary. 

170 St. George Street. 



TRANSTHORACIC RI^SECTIOX FOR CANCER OF THE 
CARDIAC F.ND OF THE STOMACH 


DALLAS R. PHE.MISTLR. ^[.D. 




Cancer involving^ the cardiac end of the stomach may be primar}- in that loca- 
tion, or it may he secondary hy extension from either the cardia of the esophagus 
above or the body of the stomacii below. From a pathologic standpoint there is 
110 tundamental diftcrcnce between sucli a tumor and those arising in other portions 
ot ihe stomach or esophagus. A tumor arising in the cardiac portion of the 
stomach most frequently licgins along the lesser cur\-ature. but it may begin in 
10 tundus either anterior or posterior to tiic gastrophrenic attachment. The 
ormer type is readily detected by roentenography and gastroscop}’, but the latter 
may be easily overlooked. The tumor may grow until it is of considerable size before 
reaching the esophagus, but often it begins to encroach on its outlet relatively early 
and eventually may infiltrate as much as 2 or 3 cm. of its lower end. If a gastric 
cancer begins distally and grows into the cardiac end. it usually reaches considerable 
size before producing obstructive S}inptoms, and the diagnosis may be correspond- 
ingly delaj'ed. Cancer of the cardiac or infradiapbragmatic portion of the 
esophagus, in addition to invading the wall and narrowing the lumen, usually 
e-xtends to or invades the cardiac portion of the stomach. As in one of the cases 
to be reported, the amount of tumor in the stomach may be about as large as 
that in the esophagus. In some cases the overlap of cardiac esophageal cancer 
on the stomach or of cardiac gastric cancer on the esophagus makes it difficult to 
oetermine from clinical, roentgenologic and even gross pathologic examination 
which structure is the primarv- seat of the lesion. The decision is made only by 
microscopic examination of tissue obtained for biopsy or during resection or 
necropsy, which reveals whether it is squamous cell or columnar cell cancer. 

Regional extension of carcinoma of the gastric cardia may be by wa}* of the 
lymphatics or by direct invasion of the adjacent tissues. Metastases to hinph 
nodes are most frequentlv encountered along the upper half of the lesser cun ature. 
ntid retroperitoneal nodes may be involved, especial!}’ if there are retrogastric 
^^esions. Carcinomatous invasion of the adjacent tissues is most often seen 
"hen the tumor is in the posterior wall, in which case there may be tumoi 
”°^nles disseminated over the peritoneum of the lesser peritoneal ca^it} or 
inhesions to and infiltration of the retroperitoneal tissues, including the tail ot the 
pancreas. The spleen or the end of the left lobe of the liver may be tused wuh 
^ne tumor, and when the fundus is involved there may be adhesions to the dia- 
Phragm. sometimes seen on the upper side of the diaphragni atter 

chest has been opened. The diaphragm ma}' also be invaded at the esophageal 
Jatus. The finding at transthoracic operation of fluid in the chest or ben^th the 
'aphragm either in the greater or in the lesser peritoneal cavit}’ is nearly alwa}= a 
contraindication to resection of the tumor. -Metastases in the liver and through- 
nt the general peritoneal cavity are similar in frequency to metastase-- mom offie. 


Sastric 


cancers. 


Primar}- cancer of the cardia of the esophagus produces 
‘Pnph nodes mr^-ature of the stomach with as great rc,-.ularu. 


nodes along the lesser curvature of 
Prom the Department of Surgrerj’ of the L’niver^itj of Chica-o. 
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as does primary cancer of tfie cardiac portion of the stomach, since the normal 
drainage is to those nodes. In addition, it more frequently makes metastases 
along the posterior mediastinum and in the pleura and the lungs, especially in the 
advanced stages. It may be directly fused with the diaphragm at the hiatus, but 
within the abdomen it produces peritoneal nodules and adhesions and metastases 
in the viscera with less frequency than does primary cancer of the cardiac portion 
of the stomach. Narrowing of the cardia is of great diagnostic importance, since 
the resultant difficulty in swallowing is iisuall}’^ the first .symptom of cancer of the 
cardiac end of the esophagus and is a common s 3 'mptom at some stage of cancer 
of the cardiac end of the stomach. 

Meritorious operations for cancer involving the cardiac end of the stomach 
are developments of comparative!)’ recent date. They have been performed both 
by the abdominal and by the thoracic route. 

Resection by the abdominal route was carried out with success in advance of 
that by the thoracic route and in cases in which there is slight or no obstruction 
of the terminal portion of the esophagus the procedure has become more or. less 
routine in many of the leading surgical clinics. It consists of total gastrectomy 
and esophagojejunostomy. As examples of the extent to which it is employed 
and of the success attained with cancer either primarily or secondarily invoh'ing 
the cardiac region of the stomach, Lahey and Marshall ^ have reported 33 total 
gastrectomies with 9 deaths, and Coller and Farris,- 27 operations with 5 deaths. 

The drawback to gastrectomy by the abdominal route is in the cases in which 
the esophagus is involved to such an extent that adequate resection cannot be done 
without interfering with the performance of anastomosis with the esophagus 
below the diaphragm. Also in cases of cancer confined to the cardia, the entire 
stomach is sacrificed, no one seeming inclined to resect the involved portion and 
anastomose the remaining portion of stomach to the esophagus. The first to lessen 
these difficulties was Ohsawa.^ who performed what he styled a laparotomy and 
semithoracotomy. The abdomen was first opened through an upper midline incision. 
If the lesion appeared to be operable, a second incision was extended to the left 
and upward from this over the course of the eighth rib to the angle of the scapula. 
About 3 cm. of the anterior ends of the seventh, eighth and ninth ribs was resected, 
and the ninth intercostal space was incised for a length of 5 cm. This was done 
extrapleurally if possible, but if the pleura was injured no attention was paid to 
it. The costosternal border was divided, the costosternal arch thus being broken 
down (Marwedel’s mobilization). The costal arch flap was then retracted upward. 
The suspensory ligament of the left lobe of the liver was cut and the lobe retracted. 
The esophagus was separated from the diaphragm, and with this retraction it 
was possible to expose the esophagus in some cases for a length of 10 cm. This 
permitted resection of stomach and an adequate amount of esophagus, with room 
for anastomosis. In his report, Ohsawa did not distinguish the carcinomas of the 
cardiac end of the stomach from those of the terminal portion of the esophagus, but 
with some of the growths, whether gastric or esophageal, this exposure was found 
to be inadequate, so that he opened the chest by incising the diaphragm from the 
front back to the esophageal hiatus. After this procedure the anastomosis could 
he accomplished. 

Altogether IS patients with tumors of the lower portion of the esophagus, 
including the esophageal cardia, and 20 patients with tumors of the stomach which 

1. Lahcv, F. H., and Marsh.nll, S. F. : Combining Splenectomy with Total Gastrectomy, 
Surp.. Gynec. S: Obst. 73:3-?l. 1941. 

2. Coller, F., and Farris, M. J. : Total Gastrectomy, Surgerj’ 13:823, 1943. 

3. Ohsawa. T. : Surgcr>' of the Esophagus, Arch. f. jap. Chir. 10:605, 1933. 
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involved tile cardiac pun inn were operated on. Tlie IS tiimor.'i of the lower 
portion of tlic esopliagn.'; and of the cardin were treated hy resection and esophago- 
gastrostoiny. with S recoverie.s. The 20 ttinior.' of the .''tomach were treated by 
total gastrectomy and e.''Ophagojejnno.'itomy. with 12 recoveries. Despite Ohsawa’s 
iailiire to divide operations into tlin.'-e performed by what he designated as the 
seiiiithoracntnmic-tran.^abdominal technic or the free thoracolaparotomic technic. 
It is evident that in some of the successful operations the diaphragm was opened 
trom front to hack. Hence he deserves credit for the first successful one stage 
resection and esophagogastrostomy and total gastrectomy and esophagoduoden- 
ostomy by means of a combined laparotomy and thoracotomy. This was a decided 
Sep forward in the development of resection and anastomosis as the method of 
treatment of cancers of the cardiac portion of the stomach and the esophagus. 

^ arious two stage ojieralions have been done in which the abdomen was opened 
and the involved portion of stomach mobilized and in some cases divided. After 
this the chest lias been opened, either during the same operation or subsequenth', 
and resection and anastomosis carried out. These procedures are now of little 
tnore than historical interest. Marshall in 1938 reported a successful two stage 
operation for carcinoma of the terminal portion of the esophagus in which he 
opened the abdomen, mobilized the stomach pro-vimally and displaced it through 
Ae enlarged diaphragmatic hiatus into the chest. At the second stage, several 
hays later, the chest wa-^ opened, the tumor resected and an esonha<^ogastrostomy 
performed. This procedure is now sometimes performed in one stage. 


OME ST.'XGE TR.\XSTHOR.\CIC RF.SECTIOX .\XD ESOPH--\GOG.\STRIC .AX.-^STOMOSIS 

Transthoracic resection was performed by Ohsawa in 3 cases. First the chest 
and then the diaphragm was opened ; the lower portion of the esophagus and the 
proximal portion of the stomach were mobilized ; the tumor was resected, and die 
esophagus and the remaining portion of the stomach were anastomosed by suture. 

3 patients died. In 2 cases Sauerbruch's invagination operation was per- 
formed. and 1 of the patients sundved. Ohsawa designated this procedure as 
unreliable because of the danger of perforation produced by the proximal and 
distal crushings and uncertainty of thereby interrupting the blood supp \ to t le 
'niaginated tumor. 

far as has been determined, the first successful one stage transthoracic 
resection and anastomosis of the esophagus and stomach was reported b> Adam 
und Phemister ^ in 1938 It was performed Tan. 26. 1938 on a ao year old woman 
a primary carcinoma in the cardiac end of the esophagus with slight 
’niasion of the adjacent stomach and metastases in the }rnpi no e 

upper portion of the lesser curvature. Approximatelv o ’"uhes fS cm.) ot 
esophagus and 1 to 2 inches (2.5 to 6 cm.) of the stomach '"ere resected The 
Jfouiach end was closed and the end of the esophagus anastomosed b) sut«r^^_^ 

stomach— on the ot preinous 

Judies by Adams. Escudero. Aronsohn and Shav . A catlie ^ 

^rfuumed, a procedure which has since been discontimied. The 
emained free from signs of recurrence, and figure 1 j 

years and three days after the operation. She is acme 

Adams. ^Y. E.. and Phemister. D. B.: Carcinoma of the Thoracic 

J a Successful Resection and ° j*cV ■ \f M • Rc«^cction of the 

y, Adams. W. E.: Escudero. L. : Aronsohn. H. G.. and Shau. ^f. Ee. 

' Esophagus, J. Tlioracic Surg. 7:60a. 19oS. 
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remained well aside from the fact that she sometimes suffers from nausea at night 
and must eat more slowly than before. A portion of the fundus has dropped 
tam-o’-shanter-like to the rear and left of the free anastomosis, as is shown in the 
roentgenogram, and the occurrence of nausea may be related to stagnation within 
it. There is no regurgitation during recumbency. Peristalsis is visible roentgeno- 
scopically only in the pyloric region. 

Ochsner and De Bakey ® performed the first successful transthoracic resection 
and anastomosis of a carcinoma of the cardiac end of the stomach Sept. 22, 1938. 
Several reports (Garlock,^ Churchill and Sweet, * Carter, Stevenson and Abbott,® 



Fig. 1 (case 6) . — Roentgenogram taken five years after transthoracic resection of the lower 
part of the esophagus and the proximal portion of the stomach and esophagogastrostomy for 
carcinoma primary in the cardiac end of the esophagus. 


6. Ochsncr, and De Bakey, M. : Surgical Aspects of Carcinoma of the Esophagus, J. 
Thoracic Surg. 10:-101, 1941. 

7. Garlock, J. H.: The Problem of Carcinoma of the Cardiac End of the Stomach, Surg., 
Gynec. & Obst. 73:244, 1941. 

S. Churchill, E. D., and Sweet. R. H.: Transthoracic Resection of Tumors of the Stomach 
and Esophagus, .-Xnn. Surg. 115:897, 1942; 116:566, 1942. 

9. Carter. B. N. ; Stevenson, J., and Abbott, A. O. : Transpleural Esophagogastrostomy 
for Carcinoma of the h.sophagus and Cardiac Portion of Stomach. Surgery 8:587, 1940. 
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Jonas."’ Wallers.” Wu and Loucks."- W. I£. .\danis,"’ Plieiiiistcr.” Stephens/^ 
Brock"') have receiulv a]ij)eared of re.';ecUnn> and ana.sionioses for bolh terminal 
esophageal and proximal g^astrie cancer, and tlie procedure is beginning to be 
extensively employed. The results have been variable, and some of these reports 
consist of data on 1 or 2 successful operations. Xo douht many unsuccessful and 
successful operations have not been reported by others. In the hands of the more 
experienced operators the results have compared favorably with those of partial 
und total gastrectomies performed by the abdominal route. Many cases are 
included in which resection and anastomosis could not have been performed b} 
that route except by also opening the chest after the method of Ohsawa. 

The report of Churchill and Sweet ' is the most outstanding, since it presents 
the largest published series of cases with the lowest operative mortality and con- 
tributes manv valuable points to various aspects of the field. They had 13 cases 
of transthoracic resection and anastomosis. In S cases the cancer was primary in 
the cardiac end of the stomach and resection and anastomosis of the end of the 
esophagus into the anterior wall of the stomach resulted in 1 operative death. 
In 3 cases a similar procedure was done for a tumor primary in the lower part 
of the esophagus, and all the patients survived the operation. In 2 cases a total 
gastrectomy \vith esophagojejunostomy was done, and both patients died. Of the 
IB patients surviving operation. 2 died of recurrence and the remainder were well 
and free of symptoms from three months to two and a half years after operation. 

Garlock in a recent personal communication stated that he had operated on 51 
patients with carcinoma of the cardiac end ot the stomach. T\yent,v-two of the 
tumors were operable and were resected transthoracically with^ intrathoracic 
esophagogastrostoinv ; there were 9 postoperative deaths. Of the 13 sundvors. 4 
died of recurrence ill from seven to thirteen months and 9 were alive and well for 


periods of one month to two and a half years after operation. _ , 

'^Vhile the surgical treatment of cancer of this region is still in the developmenta 
®Iage, it is safe to state that transthoracic resection is the operation of choice when 
diere is obstruction of the esophageal outlet, whether the tumor is primary in me 
stomach or in the esophagus. But in Wew of the favorable results that are being 
obtained with total gastrectomv br- the abdominal route, there is a question as to 
'vhether the abdominal or the' transthoracic route should be employed oa”C" 
oI the cardiac end of the stomach which does not obstruct the esophagus. 1 urthe 
o^pcrience will be necessarv in order to settle the point. 


PREOPER.ATIVE MAX.AGEMEXT 

. Since most patients with cancer of the cardiac end of the stomach are first seen 
state of nutrition, it is necessary that they recene approp l 

^^^10. Jonas, A. F. : Transpleural Esophagogastrostomy : Report of a Succe^bful Ca^e. .Arch. 

Resection of Stomach and Esophagus for Carcinoma. Free. 

of .„= for c.™., .1. T.„o.cic 

'if AimV'f E.: R«=n, Pxogoe.s in Surgic.I Tre.,n,e„. of C.ncinoma of .1. 

^ = Cases of Resection of the Esophagus for 

r, . Phemister, D. B. : Experiences witn Eight Case, 

winoina, J. Thoracic Surg. 11:484, 1942. 


winoma, J. Thoracic Surg. 11:484, 1942. _ and Upper End of the Stonach: 

Stephens, H. B. : Cancer of the Thoracic Esophagu p ^oration T. Thoracic Surg. 
JWew of Twenty-three Cases That Have Undergone Surgical E.xpIoration. I 

35 .^ 1 ^- Srock, C. R.: Cardio-Esophageal Resection for Tumor ot the Cardia. Bru. . 

'‘^• 146 , 1942 _ 
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Aly routine is to employ ethylene anesthesia with the maintenance of a positive 
pressure of 4 to 6 mm. of mercury by means of tiie face mask". A small amount of 
ether may he added to the pas mixture in order to i)ermit reduction of the con- 
centration of ethylene and increase in the oxygen concentration to around 20 per 
cent. Cyclopropane and oxygen and ether given with and without the intratracheal 
catheter have been used by others with satisfaction. Intravenous administration of 
physiologic solution of sodium chloride is started at the beginning, and from 600 
to 1,200 cc. of blood is usually administered in the course of the operation. 

The patient lies on the right side. The left arm is held vertically with the fore- 
arm flexed at a right angle and attached to an overhead rectangular frame across the 
table, which also supports the drapes. The left side of the chest, the left flank and 
the left side of the abdomen to well past the midline are painted with iodine and 
the field draped. An oblique incision is made over the eighth rib from the costo- 
chondral junction to the angle posteriorly and the skin surfaces walled off with, 
towels. The overlying fibers of the latissimus dorsi, serratus anterior and trapezius 
muscles are then incised and the eighth rib exposed (fig. 2). The longitudinally 



3. — Hemidiaphragm-shaped lung retractor. A variation suitable in some cases has a 
^c\ed portion excised at the anterior end of the mesial border (A) to avoid pressure on the 

heart 


coursing iliocostal muscles- are freed and retracted mesially, exposing the angle or 
. rib- The periosteum is then incised and stripped and the rib resected from its 
junction with the cartilage to beyond the angle. Churchill and Sweet resect the 
ninth rib instead. The pleura is opened, the margins of the incision covered with 
'iiparotomy pads and an automatic rib retractor introduced. Adhesions between 
Parietal and vnsceral pleural surfaces may first require division. The ligament 
iifiaching the lower lobe of the lung to the mediastinum is then divided. The 
^sophagus, mediastinum and lung are examined for the presence of tumor. In 
^ome cases the diaphragm has been found infiltrated with tumor, a contraindication 
uu} further attempt at resection. If no evidence of intrathoracic i^^ ob ement. 

■Ccept of the terminal portion of the esophagus, is found, the lung is then held 
^P^vard by a malleable retractor, the blade of which is sliaped roughly to fit a cross 
of the chest at this level (figs. 2 and 3). The retractor is covered with 
' oc ’inet or with a stocking, the foot being fitted over the blade : it usually main- 
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tains lung retraction so well that further adjustment during the operation is 
unnecessary. The phrenic nerve is then pinched with a heinostal until the left half 
of the diaphragm is paralyzed. The diaphragm is then opened widely by means of 
an incision beginning near its attachment to the chest wall antcrolaterally and 
directed toward the hiatus of the esophagus. As the hiatus is approached, branches 
of the left phrenic artery are encountered, which are clamped and tied. The 
stomach and terminal portion of the esophagus are then explored, and the extent 
of involvement by tumor is determined. The I)'mph nodes of the lesser curvature 
are examined for metastases. The lesser peritoneal cavity is opened by division of 
the attachment of the fundus to the diaphragm and its peritoneal lining and the 
retroperitoneal tissues explored for tlie presence of adhesions and metastases. The 
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Fig. 4. — Exposure of resection. 



hand is introduced into the abdoiiien, and a general exploration for spread of 
cancer is easily carried out. In some cases it is possible to judge better about 
o]ierability of the lesion high in the abdomen bj' this aj^proach than by an abdominal 
one. 

If the lesion is found to be operable, tlic diaphragm is then opened to the 
e.snphagiis. 1 he mediastinal pleura is incised and reflected from the esophagus for 
a dist.'tnce usually of 3 or 4 inches fS or 10 cm.) upward, the esophagus is separated 
all around and a piece of uiiibilical tape passed about it. The separation from the 
diapliragm is then comitleted. The fundus and greater curvature are then ligated 
off. In the majority of case.s it is preferable to remove the spleen, as the stomach 
then becomes more accessible. 

If the spleen is found adherent to the stomach, the two structures .should be 
taken out together. In 1 case the tail of the pancreas wtus also adherent and had to 
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be resected. If tlie lesser jierituiieal cavity is i)i)Iiteratecl above the level of the 
pancreas from cxteiision and adhesions of the tumor posteriorly, the posterior 
parietal peritoneum should be dissected off and removed with the stomach, down to 
the pancreas. This is more easily done by the thoracic than by the abdominal 
approach. Division of the "astrohepatic omentum with removal of the lymph nodes 
ot the lesser curvature and isolation and division of the left gastric artery are usually 
rendered easier if the greater curvature has first been freed. The freeing of the 
cun-aturcs is carried well below the level of involvement when the cancer is primary 
in the cardiac end of the stomach ; when the cardiac end of the esophagus is primarily 
involved the left gastric artery is always divided and ligated regardless of whether or 
not the stomach has been invaded, since satisfactory resection and esophagogas- 



■Fig. 5. — Technic of anastomosis. 

|rostomy are not otherwise possible. In 1 case of esophageal cardiac carcinoma, the 
‘'P ot the left lobe of the liver was adherent and was resected. The tunior had 
^«ended posteriorly to the right of the aorta, and in liberating it a vessel that was 

io^h(. thoracic duct was divided and tied. . , , i 

he esophagus and stomach are then pulled fontard in tie lest an e 
‘^section commenced (fig. 4). An intestinal damp is applied distally and a Pa 
Jjnshing clamp proximaJlv. and after walling off the stomach is divided 
" sucker is in readiness if fluid content is encountered. A gauze co^ enn, n 

proximal end with a hea^w silk ligature. The distal end is then dosed vuh 
silk or cotton sutures, according to individual preterence. ^he umbil 
about the esophagus is shifted to a point about V /2 mdies (-. cmj ab e ^ 
division and lied tudee. the second tie being a slip kmot. An in.e.tm.d 
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clamp is used instead by most authors. The stump of stomach is then brought up 
into the chest to determine whether or not anastomosis may he made without undue 
tension. This is usually possible if one fourth or more of the stomach is left. If 
difficulty is experienced in approximation, it may be overcome by mobilization of 
the duodenum following the Kocher technic of incising the peritoneum along its 
right margin. The procedure was successful in 1 of the cases of this series. 

A clamp is applied across the stomach to prevent leakage, and the field is walled 
off. In my cases, the anastomosis has been made between an opening in the anterior 
wall of the stomach ^ to 1 inch (2 to 2.5 cm.) away from the closed proximal end. 
An inner row of interrupted through and through and an outer row of interrupted 
Lembert sutures of fine linen are used (fig. 5). Mattress sutures have recently 
been used in 3 cases. The esophagus may be divided first, or the posterior row of 
Lembert sutures may be placed before division. The knots of the inner row are 



placed within the Imncn. The sucker is usually introduced into the stomach 
immediately on incising the wall. In 1 case in which this was not done, there was 
soiling and subsequently infection and leakage of the anastomosis, with a fatal 
termination. 

In case of inability to approximate satisfactorily the remaining portions of the 
stomach and esophagus, anastomosis between a loop of jejunum and the esophagus 
should be imde. In a case of very extensive gastric resection transthoracically, 
Dr. Lester Dragstedt recently anastomosed the open end of the antrum with the 
esophagus with success. 
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It there is aiiy degree of tension on the anastomosis, it may be relieved by stitch- 
ing the stomacli to tlie posterior mediastinal tissue or pleura above. However, when 
there is no tension this is not necessary. The mediastinal pleura is then sutured over 
the esophagus, and in most cases it can be made to cover the anastomosis, as 
shown in figure 6. It this cannot be done, the anastomosis may be surrounded 
by a fold of omentum sutured about it on either side, as advocated by Churchill and 
Sweet ® as a routine procedure. These authors employ a different technic of 
anastomosis from the one here described which has given excellent results. iMucosa 
is sutured to mucosa with mattress sutures of silk, and an outer layer of the same 
sutures is inserted in the muscular lavers of the esophagus and the muscular and 
peritoneal layers of the stomach. In 4 of my cases sulfathiazole was implanted 
about the anastomosis, with 3 survivals. 

A mushroom catheter is inserted posterolaterally through the ninth interspace 
for pleural drainage, and the chest opening is sutured tightly. The remaining air 
is then sucked out of the chest and the catheter clamped until it has been attached 
with the tube for underwater suction drainage in the patient's room. Some authors, 
including Churchill and Sweet, have dispensed with drainage of the chest. 

Postoperative!}', the patient is placed in an ox}'gen tent for two to several days, 
depending on the' course. If the progress is favorable, o.xy-gen may be given by 
nasal catheter after two or three days. Sulfathiazole has been given postoper- 
atively to 6 patients, 3 of whom died.’ There has been no instance of shock post- 
operatively. The absence of shock is attributable to the fact that any loss of blood 
during operation was compensated for by simultaneous blood transfusion. Am 
^ign of peripheral circulator}' embarrassment or anemia developing postoperatively 
was promptly treated by blood or plasma transfusion. 


CLIXrC.AL EXPERIENCES 

In all, 10 patients with carcinoma of the cardiac region, 7 with a tumor primar} 
in the gastric cardia and obstructing the esophagus and 3 with the pnmar}' lesion m 
the esophageal cardia with extension to the adjacent portion of the stomach have 
been treated by transthoracic resection and esophagogastrostomy. Patients having 
resection and anastomosis with carcinomas located higher in the esophagus are 
e.xcluded. There were 4 postoperative deaths. One patient with esophagea 
cancer died of auricular flutter and beginning pneumonia on the fourth day, and 
I ^cith gastric cancer and another with esophageal cancer died of regional infection 
and leakage of the anastomosis on the seventh day. A third patient, ^ 
cancer, made an immediate recover}^ from the operation and nen ome a , 
"•eeks. He returned six weeks after operation with a cough and low ^ ’ 

and on examination he was found to have a small collection o home- 

anastomotic site. It was drained and after improvement he again n ent ho e , 
soon returned, however with a fistulous commumcation 'vith the^ ^eat ^ 
'^nn-ature end of the resected stomach, a regional pulmonao _ “ 
retroperitoneal abscess which migrated downward to the ng ^ j 
;^Jftough the abscesses were drained, he died three and 
original operation. The first patient ivith cancer of the 
"ho survived the operation was mentioned earlier m t iis pap . * q- s 

^'?ns of recurrence at the time of writing over five } ears a ^ P ^ found 
Patients with primar}' gastric cancer who surwved_ the o^emtion. 


t^ticnts with primarv gastric cancer who survivea u.c 

^«ad m the bathroom three months after operation ^ ^live and 

^^^fned; 1 di'ed of recurrence one and one-halt years ' ^^ron ; I is 

PParently free from recurrence one year and eig it n 



926 


ARCHIVES OF SURGERY 


well two months after operation and 1 was operated on only one month prior 
to the time of writing. In addition, 5 patients have been subjected to transthoracic 
exploration and 3 to abdominal exploration, and all proved to have inoperable cancer. 
All recovered from the operation except 1 patient subjected to transthoracic 
exploration, who died on the sixth day, of pulmonary embolism. 

REPORT OF CASES 

Cancers Primary in the Cardiac End of the Stomach with Esophageal Obstruction. 

Case 1. — A man aged 46 years complained of gradually increasing difficulty and pain on 
swallowing and loss of 25 pounds (11.3 Kg.) over a period of thirteen months. Roentgeno- 
logically there were narrowing of the esophageal cardia and a large filling defect in the 



Fig. 7 (case 3). — Carcinoma of the cardiac end of the stomach. 

proximal third of the stomach. At operation a large carcinoma of the proximal half oi 
the stomach obstructing the end of the esophagus was found. The spleen and the tail of thf 
pancreas were adherent to the gastric tumor. The proximal two thirds of the stomach, the 
di.'tal Hi inches (4.5 cm.) of the esophagus, the spleen and the tail of the pancreas were 
removed in one mass by transthoracic and transdiaphragmatic resection, and esophagogas- 
trostomy was done. Recovery was uneventful. Microscopic examination of the resected tissue 
revealed scirrhous carcinoma of the stomach with metastases to the lymph nodes of the lesser 
curi-ature. Symptoms of recurrence appeared after ten months, and after eighteen months the 
patient died. 

Case 2 . — A man aged 62 years complained of loss of 35 pounds (16 Kg.) and "stomach 
trouble” for nine months and difficulty in swallowing for four months. Roentgenologically 
there were narrowing of the esophageal outlet and evidence of a polypoid mass in the fundus 
and the cardiac end of the stomach. .At operation it was found that the tumor involved the 
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lesser cun-.iturc and the posterior wall of the stomach and the end of tiie esophagus. There 
were no nictastasc.s to lymph node.c. The spleen was adherent to the tumor. Transthoracic 
resection of the proximal two thirds of the stomach and 1 to I'l- inches <2.5 to 4 cm.) of 
esophagus, splenectomy and csophagogastrostomy were done. There was soiling from the 
stomach during the performance of the anastomosis. Microscopic examinati.jn revealed adeno- 
carcinoma. The patient died in seven days from leakage of anastomosis and empyema of the 
left side of the chest. 

C.\SE 0 . — A man aged 56 years had lost 15 pounds (7 Kg.) in a year and had noticed 
fulness in the epigastrium after meals and increasing difficulty in swallowing for six months. 
Roentgenologic examination revealed narrowing of the terminal esophagus and a filling defect 
of the cardiac end of the stomach (fig. 7). Transthoracic and transdiaphragmatic exploration 
revealed a large tumor mass in the cardiac region and the posterior wall of the stomach with 
e.xten5ion to the end of the stomach. There were metastases in the lymph nodes of the lesser 



S (case o).— Appearance following reseetjon and esop'hagogastrostom. . 


^nature Partial gastrectomy from the middle of SirTower 2 inches (5 cm.) 

the°e-*u curvature including lymph ^^Microscopic examination of the tumor 
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incision in tlie chest. T P somewhat undemourislied. 

Fi'^^^ence for one year and eight months and is acme nut 

shows the postoperative roentgenologic appeara - -niemstric distress 

for ihre ^Sed 52 years had suffered [°'4x°weE’ He had lost o5 poun_d= 

(16 wionths and from difficulty in swallowing terminal portion of me 

P^®?hal' ■ ®o*^"*genologic examination ‘'5''^ portion of the stom.ach cxtcr.d- 

“’’S aln^^ ^ Hrge, irregular filling defect of t c p ^ reypaled a ven’ lavgc tumor at ti.e 

cardia ^ ^'^ser curvature. Transthoracic exp ora . ^ wtli metastases to lymp.n 

_ and the lesser curvature, ^ 
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duodenum and esophagogastrostomy were done. Omentum was sutured about tbc anastomosis. 
Sulfatliiazole therapy was employed for six days. Convalescence was uneventful for three 
weeks, and the patient went home. A local empyema pocket, wliich communicated with the 
resected end of the stomach, was drained in six weeks. A pulmonary abscess and a retro- 
peritoneal abscess which dissected to the right inguinal region were also drained. After three 
and a half months the patient died. Perhaps too much of the greater curvature was saved, since 
there was a long narrow tube of stomach, the end of which became the seat of an abscess with 
latent leakage. 

Case 5. — A man aged 64 years lost 70 pounds (16 Kg.) in a few months. He suffered from 
difficulty in swallowing and pain in the epigastrium and the back for two months. Roent- 
genologic examination showed a large filling defect in the fundus of the stomach and a narrowing 
of the cardia. Transthoracic exploration revealed a hard tumor in the fundus and the cardia 
of the stomach and the intrathoracic portion of the esophagus. There were no metastases. 
Splenectomy, resection of the proximal two thirds of the stomach and 2j/2 inches (6 cm.) 
of the esophagus and esophagogastrostomy were done. Microscopic examination of the tumor 
showed it to be adenocarcinoma of the stomach. Postoperative convalescence was uneventful, 
but the patient remained in a rather poor nutritional state. There were no obstructive symptoms. 
He was found dead in the bathroom three months later. The cause of death was not learned. 

Case 6. — A man aged 82 years, weighing 205 pounds (93 Kg.) and well preserved, had 
increasing difficulty in swallowing for one month. Roentgen examination revealed irregular 
narrowing of the terminal portion of the esophagus and a filling defect in the proximal portion 
of the stomach. Transthoracic and transdiaphragmatic e.xploration revealed a large, hard mass 
in the terminal 1)4 inches (4 cm.) of the esophagus and the proximal end of the stomach with 
large metastases to the lymph nodes on the lesser curvature near the left gastric artery. At 
operation splenectomy, resection of the proximal third of the stomach, the enlarged lymph 
nodes and the terminal 3 inches of the esophagus and esophagogastrostomy were performed. 
Sulfathiazole was given preoperatively and postoperatively and was implanted about the 
anastomosis at operation. Microscopic examination revealed a columnar cell carcinoma of the 
stomach, secondarily involving the esophagus. Convalescence was uneventful. The patient left 
the hospital in three weeks and was free from gastroesophageal symptoms two months after 
operation. 

Case 7. — A man aged 51 years had increasing difficulty in swallowing over a period of seven 
months and pains in the left upper quadrant of the abdomen and lower part of the chest for three 
months associated with a loss of 20 pounds (9 Kg.) in weight. Roentgenologic examination 
revealed a definitely obstructive lesion of the lower end of the esophagus and a filling defect of 
the first part of the lesser curvature of the stomach. Transthoracic and transdiaphragmatic 
exploration revealed a hard nodular tumor of the proximal end of the stomach involving the 
terminal portion of the esophagus and several enlarged lymph nodes about the left gastric 
artery and retroperitoneally above the pancreas. At operation splenectomy, removal of the 
peritoneal walls of the lesser peritoneal cavity and resection of the proximal two thirds of 
the stomach, including the lesser curvature, of the lymph nodes and of the distal 2)4 inches 
(6 cm.) of the esophagus, followed by esophagogastrostomy, were performed. A small nodule 
palpated in the right lobe of the liver may have represented a metastasis. Sulfathiazole was 
implanted in the wound and administered postoperatively. Microscopic examination revealed 
adenocarcinoma. Convalescence was uneventful for five weeks after operation. 

Cancers in Cardiac Portion of Esophagus with Extension to Stomach. 

Case S. — This patient was mentioned earlier in this article and has been previously reported 
on. A woman aged 53 years complained of difficulty in swallowing and weakness for three 
months. She had lost 10 pounds (4.5 Kg.). Roentgenologic examination revealed narrqwing 
of all of the cardiac portion and about 1 inch (2.5 cm.) of the intrathoracic portion of tlie 
esophagus. Transthoracic and transdiaphragmatic e.xploration showed a firm tumor mass in 
the lower 3 inches (8 cm.) of the esophagus with slight e.xtension into the stomach and metastases . 
to the lymph nodes along the upper curvature. Resection of the proximal portion of the 
stomach and the terminal 4 inches (10 cm.) of the esophagus and esophagogastrostomy were 
carried out. A small catheter gastrostomy was also done. Convalescence was uneventful, and 
the patient was well and free from signs of recurrence five years postoperatively. 

Case 9. — A man aged 67 3 -ears had noticed weakness and loss of 40 pounds (18 Kg.) 
during four months. He had suffered from difficulty and pain on swallowing for three and 
one-half months and from aching in the lower part of the back for four months. Roentgenologic 
examination revealed a filling defect in the cardiac region of the stomach and narrowing of 
about 1 inch (2.5 cm.) of the terminal portion of the esophagus. The diagnosis was carcinoma 
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of the cardiac end of the stoniacli witii jecondary involvement of the esophagus. Transthoracic 
and transabdoniinal c.\plorntion revealed a tumor in the proximal end of the stomach and the 
terminal IJy inches (4 cm.) of the c-'-ophapus adherent to the tip of the left lobe of the liver 
and invading tissues po.'teriorly at and just below the level of the diaphragm. Splenectomy, 
resection of the proximal half of the stomach, of the terminal three and one-half inches (9 cm.) 
of the esophagus and of the tip of the left lobe of the liver and esophagogastrostomy were done. 
During the liberation of the posterior e.xtcnsion of tumor what was thought to be the thoracic 
duct was resected and ligated. Sulfathiazolc was administered postoperatively. Fibrillation 
developed and continued despite digitalization. The patient died on the fifth day with beginning 
pneumonia. Microscopic examination of the tumor showed it to be squamous cell carcinoma, 
primaiy in the esophagus, with extensive involvement of the stomach. 

C.ASE 10. — .A. man aged 62 years had been known to have diabetes for one year. He had had 
progressive difficulty in swallowing for fifteen months and had lost cO pounds (23 Kg. 1 iri 
t'eight. Roentgenologic examination revealed narrowing of the lumen of the terminal 2 to 3 
iaches (5 to 8 cm.) of the esophagus. Esophagoscopic examination and biopsy showed squamous 
cell carcinoma. Transthoracic and transdiaphragmatic exploration revealed a hard tumor of 
^he terminal thoracic and the intra-abdominal portion of the esophagus and of the cardiac 
portion of the stomach. There were extensive nictastases along tlie lesser curva.ture and 
'’etropentoneally, with retrogastric adhesions. .At operation splenectomy, resection of the 
proxiuial three fifths of the stomach, the adherent lymph nodes and posterior portion of the 
peritoneum and the terminal 314 inches (9 cm.) of tlie esophagus, followed by esophago- 
gastrostomy, were performed. The anastomosis was on tension, for relief of which the stomach 
^as sutured to the pleura above. Symptoms of mediastinitis and of pleurisy on the right s.de 
e\eloped on tlie fifth postoperative day and on the seventh day the patient died. Autopsv 
repealed leakage of the anastomosis. 

930 East Fiftj'-Xinth Street. 
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Such radical operative procedures as esophagectomy for cancer of the esophagus 
and total gastrectomy for certain cancers of the stomach are now being done with 
increasing frequency. Numerous surgeons, both European and American (Fischer,^ 
Sauerbruch,^ Phemister,® Garlock,^ Carter, Stevenson and Abbott,® Churchill,® 
Ochsner and DeBakey,’’ Jonas,® Cattell ® and Marshall ^®), have successfully resected 
cancers involving both the cardiac portion of the stomach and the terminal portion of 
the esophagus, such operations being performed by a transthoracic, transdia- 
phragmatic approach and completed usually by an intrathoracic esophagogastric 
anastomosis. 

In the patient whose case is reported here, so much of the stomach and 
esophagus was involved by cancer as to prohibit such an anastomosis. Con- 
sequently a subtotal gastrectomy and a subtotal esophagectomy, with subsequent 
construction of a prethoracic artificial esophagus, were necessary. 

REPORT OF CASE 

R. B., a Russian Jew born in December 1900, applied to the Memorial Hospital for treat- 
ment on July 17, 1940. Prior to the present illness he had never been ill. His habits were 
exemplary. His chief complaints were epigastric pain, dysphagia, substernal discomfort, 
regurgitation of food and hematemesis. 

Present Illness . — Since 1933 the patient had complained intermittently of epigastric pain, 
nausea and heartburn. His weight had always been maintained at 180 pounds (81.5 Kg.)- 
Finally, in June of 1938, when 37 years of age, he vomited bright red blood and one week 
later was admitted to another hospital in New York city. Physical examination revealed an 
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apparently normal nlulomcn. Gastric analysis gave normal results. The hemoglobin content 
of the blood was 50 per cent. Tiic stools contained bbxid fd phis). Fluoroscopic and roent- 
genographic c.xaminalion revealed a tumor occupying the cardia and the fundus, .-^n exploraton.- 
laparotomy was performed, and a nodular tumor m.ass was found on the lesser cun-ature 
of the stomach c.xtending to the level of the esophagus, so that it was deemed mechanically 
impossible to resect it. The abdomen was therefore closed without removal of a specimen 
for biop.sy. The patient convalesced uneventfully but continued to e.xperience discomfort on 
swallowing solid food. 


Physical Examinalion. — Two years after his first admission to a hospital he was accepted 
the Memorial Hospital, at which time he was still in good general health, although he 
bad lost 10 pounds (4.5 Kg.) in weight and was moderately anemic. His physical examination 
at this time revealed essentially normal conditions, and the tumor in his stomach could not 
be palpated. There was no evidence of extension of the cancer to involve the liver, tiie peri- 
toneum and the rectovesical pouch. 

Roentgen Examination. — Fluoroscopic and roentgenographic studies revealed a bulkr- soft 
tissue mass occupving the cardiac and fundal portions of the stomach. A constricting defect 
involved the distal portion of the esophagus with dilatation proximal to it. It was eHdent 
that the cancer extended upward to involve the thoracic esophagus. 

Esophagoscopy. — A rigid gastroscope was passed with the area under local anesthesia. 
A flat granular tumor was encountered in the terminal portion of the esophagus at a distance 
pf 39 cm. from the upper dental arch. The clinical impression was that tlie tumor oripnated 
in the stomach with secondary e.xtension into the esophagus. A biopsy specimen obtained 
this time was reported as “adenocarcinoma, gastric type, grade 5. 

Laboratory Studies. — Gastric analysis could not be done because of the degree of cardiac 
stenosis. The stools did not contain occult blood. The urine was normal The blood ewnt 
on July 22, 1940 was as follows; hemoglobin content, 52 per cent: eiythrocj-tes, 2,bl6,(W0; 
^'hite cells, 13,800, with a normal differential distribution. The protein content of the serum 
"•as 6.7 per cent. The sodium chloride content of the blood was hundred cubic 

centimeters, the sugar content 132 mg. and the urea nitrogen content 12.9 mg. 

Operation, First Stage.— Exploratory laparotomy and jejunostomy were performed Aug. 
26, 1940. With the patient under spinal anesthesia induced with ^ 

left superior midrectus incision was made and the abdomen explored. The In er, peritoneum 
and abdominal viscera other than the stomach were clinically free irom involvement b> cancer 
veiy large gastric tumor was encountered which occupied the upper Uto thirds or the 
stomach and extended superiorl.v into the esophagus through the , 

curvature was involved as low as the antrum. The tumor was largely 
">oderately movable except for the esophageal extension. It was then 

''as resectable through the transtlioracic. transdiaphragmatic approach. The fi - - P J 

f°ce was to perform a jejunostomy for feeding purposes; this was ^one mmediateb 
-lar^-edel technic. The feeding catheter was then withdrawn throug . - P . • „ tension 

the left and the jejunum anchored to the abdominal wall beneath 
cr hnking. The abdominal wound was closed by through and ^ Murphy drip 

A high caloric diet was given through the jejunostomj ' rereived* three blood 

rrangement. Before, during and after this first stage, c p nuantitv- of old blood, 

^ansfusions of 600 cc. each. On one occasion he vomited a small q radical 

E^ctrocardiographic studies were considered normal. I" from 350 to 450 cc. 

Wration of resection, pneumothorax (left) was induced on fi\e o 

^ Sir being used * • ' tl 

Operation, Second Stage.-Transthoracic, fansdiaphragrnatic subwtal 

esophagectomy and terminal esophagostoni> amylene hydrate 

under anesthesia induced by rectal adminis ra patient was placed 

PP emented by intratracheal nitrous oxid^.xygen-ether ^ jj, the rieht foot. 

" bis nght side. A continuous transfusion was started ^ between the scapula 

"L... nb, 

ne upper dorsal portion of the spine. ine ' .vnc neccssaty to tree tne 

und the intercostal vessels ligated. -A pneu -- ■ gj.v imniobilization o: 

2'"Pled lung. The left phrenic nerve was f ° e^o-,Te^iT\va^^ dissected free, 

y,, half of the diaphragm. The terminal^ portion ^ ^ w-ctiem The diaphracni v.'.‘ 

irri ."'"bilical tape was passed beneath it for pur^.es TMomen thu' Kinc CNr-'^ed. 

'"‘"sed from ti,. fi,. the contents oi the aMomen m... _ 
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j rape was passeu ^ ^ ^ 

costal attachment to the hiatus, the conten ^ oi 
■'vas carried do\vn\\-ard medially and latera > o ves-fis 

li‘ of the stomach. The coronaiy vessels and tne " I .;,',; [,ee;; <evcrt'-: 

and severed. After the gastrocolic and gastrohepr.t.c I 1 -.. 1 .. • - 
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mobilized stomach was readily pulled up into the thoracic cavity. A dc Petz clamp was tiicn 
applied across the stomach distal or caudal to the tumor, and the segments were severed 
between the hemostatic silver clips. The cut surface of the distal segment was then closed 
by seromuscular silk sutures. The residual stomach consisted only of the antrum and was 

Citrate 



Fig. 1. — Position of patient for transthoracic, transdiaphragmatic resection of esophagogastric 
cancer. 



Fig. 2. — A, surgical c.xposure. A continuous incision is made through the mediastinal pictii 
and tlie diaphragm. The phrenic nerve is lightly clamped to produce temporary paresi 
B, mobilization of the terminal portion of the esophagus and the cardia and fundus of tn 
stomach. 





F'g- 5.~A, application of de Petz clamp obliquely across the stomach wall distal to the 
tumor. B, severance of proximal cancerous segment of stomach from the uninvolved distal 
segment. Figures 3 A and 3 B illustrate the usual technic whenever a subsequent esophago- 
gastric anastomosis is planned, but in the accompanying case report ^e cardiac and fundal 
'^eer was so large that all of the stomach except the antral and p\'loric fourth was remo\ ed. 
The de Petz clamp in this case extended almost to the incisura. C, the repaired distal gastric 
stamp has been restored to the abdomen and the defect in the diaphragm repaired by two 
•a.vers of sutures. D, closure of mediastinal pleura and continued mobilization of the esophageal, 
stamp in the superior portion of the mediastinum. 
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too small to permit a new esophagogastric anastomosis. Furthermore, the jejunal mesentery 
was abnormally short, and the presence of the jej unostomy militated against the establish- 
ment of an esophagojejunal anastomosis. Therefore the residual stomach was left in situ in 
the abdomen, and the defect in the diaphragm was closed by two layers of sutures. The 
tumor-bearing portion of the stomach was then lifted out of the thoracic wound, and the 
esophagus was freed up to the aortic arch. The esophagus above the tumor was doubly 
ligated with braided tape and amputated between the ligatures, the proximal stump being 
cauterized with phenol and alcohol. The cancerous stomach and esophagus were then removed 
from the field of operation. The distal end of the severed esophagus was covered by a pro- 
tective ligated rubber dam. The thoracic portion of the esophagus was mobilized by tunneling 
upward in the esophageal bed. The esophageal arteries were clamped, cut and ligated. The 
parietal pleura was incised above the aortic arch and the esophagus was brought up through this 
opening. The defect in the parietal pleura was sutured. A stab woujid was made laterally 



Fig. 5. — The patient with a rubber tube connecting the esophagostomy opening and a sub- 
sequently constructed Janeway gastrostomy opening. 

in the wall of the chest, and a right-angle soft rubber tube drain was placed in the left 
costophrenic angle and sutured in place. The chest wound was closed in layers with inter- 
rupted sutures in the usual manner, and a compression bandage was applied. With the patient 
on his back, an incision was made in the left side of the neck extending from the left 
sternoclavicular junction upward for 7 cm. along the sternomastoid muscle. The left lobe of 
the thyroid was retracted laterally, and the cervical portion of the esophagus was identified. 
The thoracic portion of the esophagus was easily withdrawn through the wound defect.’ 
stab wound was then made in the skin of the left anterior portion of the thoracic wall, and con- 
nection with the wound in the neck was effected by blunt subcutaneous burrowing. Througi 
this channel the esophagus was pulled to form an external esophagostomy opening. The cervica 
wound was then closed. 

The patient was immediately placed in an oxygen tent and convalesced satisfactorily. c 
was removed from the oxygen tent on the fourth postoperative day and suffered no respiratory 
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distress. Use of the closed drninape .system was discontinued on the fifth postoperative day. 
Three blood transfusions of 600 cc. each were given during and after this operation. The 
redundant esophagus protruding from the wound in the chest was removed by cauterizat’on. 
The patient was able to swallow liquids without distress, and the occasional swallowing of 
weak solution of sodium hypochlorite was encouraged to cleanse the esophageal stoma. A 
roentgenogram of the chest made two weeks later revealed good e.xpansion of the left lung 
and only slight residual pneumothorax. 

Pathologic Ref'ort . — The specimen consisted of 5 cm. of esophagus and the greater part 
rf the stomach. The bulky intragastric tumor expanded the cardia. fundus and lower part of 
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The degree of esophageal i-h-" m 

Ehou- of the diaphragm. B, gross speci ’ . = obstruction of tiie 

ter-; papillary character of the tumor and its pr - - metastatic carcinoma, 

'^■nal portion of the esophagus. One subcardiac lymph node contains 
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infiltrative, Init there was deep penetration of the nni'-cnl.itis at ih'- Ik einidn.: of lii.- -r 
curvature and at the junction of the esophagus an<l tlie rarrlia. 'I'h'- ii'-ipln tT; r'-tro-I'd up 
the mucosa and wall of the esophagus for a distance of 3 ciii.: the IitiU; of tin- iritra'-'oph.up'.d 
tumor, however, was represented hy a blunt, unattachetl papillary protrti'-.ion from tlw nni;; 
body of the tumor. There were no mucosal polyps. 

Microscopic study of the tumor hy Dr. Frank h'ooti- letl to the diaipiods of nd-noc.irric. 'm i, 
grade 3, with metastasis to two perigastric lymph nodes. 'I hi- .strnetuie of tlw cae.eer varied 
from portions of rather orderly glandular adenoma niatignum, gr.ide; 1 and 2. to f.th-r 
portions which were nearly solid :idenocarcinon)a, gr.ade .5. In one Iyn:i>h nodf the sneta.st.aiie 



Fig. 7. A, first step in prethoracic dcrmatoesophagoplasty. The central strip of skin is 
unmolested posteriorly. B, second step in derniatoesophagoplasty. The lateral margins are 
dissected widely back in order to approximate their edges later over the constructed tube of skin. 
C, the tube of skin has been constructed. D, the lateral flaps of skin may be sutured without 
great tension over the new esophagus. 

tumor was adenoma malignum, and in the second node it was adenocarcinoma. The gastric 
mucosa was apparently normal in its microscopic aspects. 

Operation, Third Stage . — A Janeway gastrostomy was performed Oct. 24, 1940. With the 
patient under spinal anesthesia induced with pontocaine hydrochloride, an upper left_ midre^us 
incision was made and the distal stump of the stomach freed from its many adhesions. The 
cubic capacity of this residual stomach was only 200 cc. Hence the construction of a gastros- 
tomy fistula was difficult. A flap of anterior gastric wall, measuring 2.5 cm. in width and 
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7 cm. in length, was developed witii its pedicle end coming oft the greater curvature. The 
flap margins were then npproNimnted hy two rows of sutures in the conventional manner to 
construct the mucosa-lined tube or goose-neck which ciiaracterizes tlic Janeway gastrostomy. 

-A transfusion of 5(K1 cc. of hle)od was given during the operation. .A. rubber catlieter 
through the gastrostomy and through the pylorus into the duodenum was used for feeding. 
As soon as this functioned satisfactorily, i. c.. when a liquid diet furnishing 3.000 calories 
could be given, the jejunostomy catheter was removed, and tin's wound was permitted to heal 
spontaneously. Considerable colicky pain accompanied each feeding. This was relieved by 
dilatation of the pylorus through a .small gastroscope introduced via the gastrostomy" and 
by intennittent hydrostatic (lialloon) dilatation of the tiny stomach until its capacity increased 
to 450 cc Fluoroscopic examination after barium was introduced through the gastrostomy 
showed no evidence of obstruction in the stomach, tlie duodenum or the jejunum. The patient 
received liver parcnterallv and supplementary vitamins. The weight remained unchanged at 
135 pounds (612 Kg.). 


Operation. Eourth Situie. — .Anterior or prethoracic dermatoesophagoplasty was performed 
-April IS, 1941. .Although it was possible to connect the esophagostomy and gastrostomy stomas 
hy means of an intercommunicating rubber tube, swallowing by this arrangement was not 
completely satisfactorv because of discomfort and leakage. The esophagostomy opening was 
between the second and the third rib on the left side, appro.vimately 1 cm. to the left oi the 
sternal margin. With the patient under ether inhalation anesthesia, parallel skin incisions 
2 inches (5 crn.) apart were made, e.xtending from the esophagostomy to the gastrostomy 
stoma. The two inner edges were then rolled together and sutured in two layers without 
tnolesting the broad underlying base. This made a skin-lined tube. The lateral flaps of the 
Original incisions were then widely undercut in order to mobilize them and pennit their 
approximation over the tube iust constructed. This closure was effected by \ertical inter- 
rupted mattress sutures of black silk. The incisions were narrowed in the upper portion 
and brought above the level of the esophagostomy orifice, so that this closure made tlie proper 
communication between tlie original and the artificial esophagus. The lower communication 
with the gastrostomy stoma was not closed at this time. „ j tu 

Subsequent Course.— There was some wound infection, which was readily controlled. The 
patient convalesced satisfactorilv and was in good health when he was discharged to his home. 
9? July 8, 1941, three months after the last operation, he became despondent and jumped out of a 
‘^rd story window. He died the same day of shock and internal hemorrhage 
.Postmortem e.xamination showed mulUple fractures of *e bony pelv|s ^ 

'^nnary bladder and the pelric colon. The mediastinum was healed although = f 

« fibrin was found in one part of the esophageal bed. One small aortic lymph node was 
lound to contain metastatic carcinoma. 


SUMII.ARY 

There are several interesting features about the case reported. 

1- There tvas a Iristor}" of indigestion, dysphagia and other 
starting in a vonng man. of 33 .years. These 
-'■ears before the cancer ivas discovered bv roentgenography and laparoto . . 

2. At the age of 38 years the patient was subjected “ “^7', 
operation at another hospital, at which time tlie size an inoperable bv 

fte eardia ryere such as to cause the lesion to be class, fied as .noperable . 

3"'™9™r,a,er i, ,vas still possible to resect this cancer by using a trans- 

brds) and a considerable segment of the esop ,a^ i,.™- either to the residual 

« accomplish an intrathoracic anastomosis ot the esophagus ether 

'■omichor to the jejunum. abdominal e.yplomliou 

try operative procedures required lou - ,-p;„no=tomv for feeding pur- 

°f^'^ortain tlie e.xtent of tlie disease and Jj, resection of tlie stonip.cii 

(2) transthoracic and transdiaphragmatic - i construction or a 

esophagus with permanent anterior esophagostomy. (oj 
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pcrniancnl gastric fistula by a Jaiicway gastrostomy and (d ) anterior or prctliorncic 
dcrmatocsopbagoplasty to unite the esophagostomy stonia and the ga‘'trostomy 
stoma. 

6. The pathologic specimen showcfl that the hnllc of the tumor v.'as a pajiillary 
intragastric adenoma maligmim of low grade malignancy, which could account for 
the long history, slow rate of growth and failure of the cancer to metastasize widely. 
In two regions, however, the cancer luul hecome sedid adenocarcinoma, grade 3. 

7. The arduous cITort and expenditure of time hy numerous memhers of the 
hospital staff and the great expense home hy the hospital during the eight months 
of care came to naught when the patient, in a moment of desfiondency, committed 
suicide. The discovery at autopsy of a single tiny preaortic lymph node containing 
one focus of metastatic carcinoma made the heroic sefjuencc of major operations 
seem futile. 

155 East Sevcnty-Scconcl Street. 

1088 Park Avenue. 



PROGNOSIS AND END RESULTS IN THE TREATMENT 
OF CANCER OF THE STOMACH 


CAPTAIN WALTMAN WALTERS, MC-V(S). U.S.X.R. 

AND 

HOWARD K. GRAY, M.D. 

AXD 

JAMES T. PRIESTLEY, M.D. 

ROCHESTER, MIXX. 


The only hope of cure for cjirciiioma of the stomach at present resides in estab- 
lishing the diagnosis at a time when surgical removal of the gro\\'th is possible. 
The main opportunity to reduce the great number of deaths which this condition 
causes annually (38,000 for the United States of America) lies in establishing the 
diagnosis earlier in a greater proportion of cases, so that more patients may be 
afforded the possible benefits of gastric resection. 

As has been emphasized by Livingston and Pack,^ any consideration of ultimate 
results obtained in the treatment of gastric carcinoma should take into account 
first the entire number of cases in which the diagnosis has been established and 
subsequently determine how many of the patients have been cured. Those v o 
"lay be interested in a detailed statistical study of carcinoma of the stomach are 
referred to a work based on our experience in the Mayo Clinic.- 

From 1907 to 1938 inclusive, the diagnosis of carcinoma of the stomach was 
niade at the Mayo Clinic in 10,890 cases. Of these, _ the lesions m 4,648 (42./ 
per cent) were considered to be inoperable, and the patients received only palliative 
uiedical treatment. The remaining 6,242 (57.3 per cent) patients un 
exploratory operation in the hope that gastric resection might 
Among this group, inoperable lesions were found m 2,431 cases (22.3 per cen 
the entire series of lol890 cases), and in each case the incision 
nothing further was done. In an additional group of 1,039 cases P"" ^ 
f the original series of 10,890 cases) the lesion cou d not be 

of palliative procedure appeared to be worth while and was performed. In 
2-772 (25.5 per cent) of the original 10,890 cases m which the diagnosis vas 
f ablished, gLtric reslction actualfy was accomplished. Thus, ^PP^^^^^ 
f persons whose condition was diagnosed as gastric carcmonia 
^^d the lesions removed surgically and thereby, provided they surined the oper 

^tion, had some chance of ultimate cure. • „ ^vprao-ed 57 3 per 

In this series, then, the surgical rate of gasmc ™ WlU 

«nt and the resectability rate (calculated on all patien s) a - ■ I 

•1« resectability rate is calculated from only the The 

•peration ,vas%„rmed, namely 6,242, it ts 10^0,0^6^ high 

eclab.l.tj, rate is important because eten „can lhat the 

gradually increase as time goes on, tUp^e^ectabilitv rate continue.^ 

l^l^^^^sults actually are being improved unless the re.ectabilit. 

Froin the Division of Surgerj- the Mayo Difca^cs, Xcv,- 

■ i'''''U"sron, E. M., and Pack, G. T. . Tre 

rR Paul B. Hoeber, Inc., 1940, vol. 2, chap. 69, PP- IHO' ...d Other M.-iIicr.r.:-.; 

1 M' alters W ■ Grav H K., and Priestley, J. 1-- ,, 

L^^.ons of the’stL’ach, Philadelphia. AY. B. Saunders Conip..n . - -. 
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(0 be liigli. l^or oiilv then will tlie netnal iuTe<’nt:ii,'e n{ in which rc-'ction i- 

perfonncd he increased. 

In this series the mortality nite for all types of ip'islrie rcseelion v/as lf>.J p'T 
cent. This means that only 2,322 of (he 2,772 patients who nnderwent re-eetion 
actually snrvivcd the immediate postojierative period and therefore; had a delinite 
opportunity for ultimate cure. 'I'lins, of (he oriitinal proiip tif I(),.S‘X) (■;is(- in wliieh 
the diagnosis was cstahli.shed, 2.322 patients (21.3 per cent) were given a e!i;mee 
of cure. With improvement in o])erative technic, based on the original contribution', 
of the pioneers in this field, arlvances in anesthesi:i atul (he improvements attained 
from close cooperation with colleagues in the medical services so that the [latient 
might profit by their counsel, this mortality rate was reduced to lO.'P per cent for 
the years 1940 and 1941 together. 

Of the patients who underwent resection and who survived the operation, 2S.'' 
per cent lived five years or longer, 20.4 jier cent lived ten years or longer, 1.^.2 
per cent lived fifteen years or longer, 10..S per cent lived twenty years or longer 
and 6.3 per cent lived twenty-five years or longer. Included in the calculation of 
these rates are all deaths, regardless of cau.se. 'I'he outlook at present for a patient 
with carcinoma of the stomach is illustrated in a general way in chart 1. Isurvival 


ALL PATltHTS CBSERVEO 

RLSECTABLE LESION 

NO METASTASIS 


24 '4 


36 y. 



GRADES 1 AND Z 

59*4 




Fig. 1. — Five year survival rates of patients witli resectable lesions, those with no metastasis 
and those with carcinoma of grade 1 or 2, compared with the five year survival rates of all 
patients observed who had carcinoma of the stomach (from Walters, Gray and Priestley"). 

percentages depend largely on three important factors: surgical rate, resectability 
rate and operative mortality rate. 

In the individual case many circumstances, as revealed by the history, physical 
examination and laboratory data, are concerned in the decision as to whether 
operation can be performed. In our large scries the average surgical rate was 57 .3 
per cent. This has risen slightly in recent years at the clinic to 66.0 per cent in 
1942. Similarly, numerous factors determine the resectability rate. Some of these 
are the surgeon’s skill and experience, the patient’s age and sex, the type of 
symptoms and their duration, gastric acidity, presence of a palpable mass, location 
of the lesion, extension to the neighboring structures and grade of malignancy. 
In the experience with the large series, as mentioned before, the resectability rate 
calculated on the basis of all cases in w'hich the diagnosis originally was made was 
25.5 per cent, and when figured from the number in which operation was performed, 
was 44.4 per cent. It is particularly interesting to note the rather remarkable 
increase in the surgical and resectability rates in the past year. Although the exact 
figures are not )'et available for the year 1942, approximately 420 jjatients were seen 
whose condition was diagnosed as carcinoma of the stomach. The lesion in 143 (34.0 
per cent) of these cases was thought to he inoperable and in 277 (66.0 per cent) 
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operable. In the latter pronp. tlie carcinoma in 123 cases (44.4 per cent) was 
founcl to be inoperal)le. and in 154 (55.6 per cent; 36.6 per cent of the entire series) 
resection of the stoniacli was performed. The reason for this increase in the 
surgical and resectability rates is not readily apparent but can be traced probably to 
the fact that the average lav jierson hnally has become aware of the seriousness of 
persistent distress referable to the stomach and has sought professional advice 
2t a period when the growth was still small enough so that resection could be 
performed before metastasis had occurred. The fact that a greater number of 
persons are working during the war also may play an important role, for the 


T.vele 1. — Fizc Year Surz-iials After Resection for Carcinoma of the Stomach 
Accordinn to Grade of Malignancy 


Patient: 


Who Survived Operation ■* Who lived 5 or ilore Years t 


Grndp 

^ Total 

Traced 

Traced 

Per Cent J 

1 

r'O 

C9 

35 

So’ 

o 

ipa 

IS? 

no 

5S.S 

o 

C,iG 

olo 

93 

S0.2 

4 

310 

3Co 

C-2 



* Inquiry as of Jan 1 IPJO- Included here are patients operated on five or more years prior to time 
oI inquiry, that is, 1034 or earlier. Hospital mortality i« excluded in the calculation o: stnnval rates, 
t I-ived five or more years after leaving the hosp.tal. 


fer cent of traced patiente. 


T.\ele 2.~Fivc Year Surz-k-a!s After Resection for Carcinoma of the Stomach According 
to Grade of Malignancy and Involvement of Lymph Nodes 


Patients 


Eegional Lymph Kodes 

involved 

Grades l and 0 

Grades 3 and 4. 

ungraded 

Evolved 

Grades land 2 . 

Grades 3 and 4 

ungraded.. 


Who Survived Operation ■* 
Total Traced 


Who lived 5 or Hore Tears f 

- • * 

Traced Cent 


Of^n?'- Included here ^ cluded^^^^ survival 

rates '“lu'rr: that is. in 1934 or earlier. Hospital mortality i: exciuaea 

^ I-ived five or more years after leaving’ the hospital. 

|ormer financial barriers to adequate medical examination in mam instance^ not. 
c bc6i;i removed • It 

All patients for whom resection of the stomach for ^ po==ibiIitv 

5*mied but who do not survive the operation hat;e been 

cure just as definitelv as those on whom opera i patient with 

the third important factor that influenc^ the 
lesion is the operative mortality rate. The du's p.apcr. 

operative mortalitv rate do not come nght > 'v'l ^mnrtant arc’ preoperative 
however, may be mentioned. Among the more 

to correct dehydration, chemical t Poe tc-po of c’pcwtiou 

3nd skilful administration of the anest ictic • ^ : t'-c 

'"’Ployed and the decree of difficulty encounterea : d.e A.H 
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size of the lesion and tlic extent of invasion of afljaccnt tissiurs; the a,f,'e and sex of 
the patient, and the postoi)erative care. 

Other factors inilucnce survival fnlltnvini,' succc.^sful f^-a.^tric rc.'Crtion. t^Jne of 
these is the grade of malignancy according to I’.rodcrs’ method of itlcntificalion. In 
our large group of cases it was ohserved that the lower the grafle of tnalignariey of 
the lesion the better the prognosis and conversely the higher the grade of malignancy 
the w'orse the prognosis. This is clearly shown in table 1. 

Next to the grade of the malignancy the jwesence or al)>ence of involvement of 
regional lymph nodes was found to he of greatest significance f table 2 ). When 
resection was performed in the absence of itu-olvement of regional lymph nodes, 
the five year survival rate was 43.1 per cent, as cnntrasterl with only lfi.5 per cent 
when regional Ij'inph nodes were involved. The importance of removing all regions 
of lymphatic drainage from the stomach as completely as possible whenever gastric 
resection is performed is apparent and should include in every case all of the greater 
omentum. 

If the regional lymph nodes were not involved but if the growth had extended 
to certain neighboring structures, the five year survival rate following removal of 
the growth and its extension was approximately 5 per cent less than in cases in 



Fig. 2. — Survival rates for twenty years of patients who had had resection of the stomach 
for carcinoma compared with those of the normal population (from Walters, Gray and 
Priestley . 

which such direct extension did not exist. Thus it would appear that invasion of 
the adjacent lymphatic structures is of more significance as regards prognosis than 
is direct extension of the lesion, provided, of course, that the entire lesion can be 
removed. Experience has shown, however, that extragastric extension does not 
contraindicate resection. When the primary lesion has been removed in cases of 
carcinoma of the stomach, the extragastric extensions sometimes may resolve 
spontaneously. This same course obtains on removal of the primary lesion in other 
locations. 

The size of the lesion which was resected was not found to bear any direct 
relationship to the survival rates following resection. However, the site of the 
lesion in the stomach was found to be of some significance. In general, lesions on 
the lesser cuiw^ature gave a somewhat better prognosis than those situated on the' 
greater curvature. Lesions situated in the middle portion of the stomach afforded 
a greater opportunity for cure following resection than those located in either the 
pyloric or the cardiac portion. 

The surrdval curve for patients with carcinoma of the stomach for a period of 
twenty years after their leaving the hospital is shown in figure 2. It is interesting 
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to note that five to seven years subsequent to resection the sun’ivai rates for the 
patients -wiio had undergone resection for gastric carcinoma were similar to those 
for the general population of comparable age. This evidence substantiates the term 
“five year cure”, because if a patient lived five or more years after resection his 
chance of survival during the ensuing vears was just about the same as it would 
have been for anv person of his age in the general population. Also included in 
chart 2 are the survival rates for those patients on whom either a palliative operation 
or exploratory laparotomy alone was carried out. 


SUMM.\RY 

In a series of 10,890 cases of carcinoma of the stomach, slightly morejhan half 
the patients (57.3 per cent) seen clinically in the IMayo, Clinic from 1907 to 193S 
inclusive were considered to be in the opyerable stage of the disease. This number 
has risen in recent vears to about two thirds (66.0 per cent) in 1942. Approxi- 
mately half of these' patients (25.5 per cent of the large series and 36.6 per cent 
in 1942) were found to have removable lesions at the time of explorator}’’ 
Inparotonw. 

The average hospital mortality rate in this series of 10,890 cases for all t} pes 
of resections of the stomach for carcinoma was 16.2 per cent, but for the 3'ears 1940 
and 1941 together the hospital mortality rate was 10.9 per cent. Of those patients 
"ho underwent resection and sur\'ived the immediate postoperati^ e period, 28.9 
pot cent were alive at the end of five years and 6.3 per cent lived twentj'-five j-ears 
or longer. 

In this group of cases it was obser^-ed that the lower the grade of malignancy 
according to Broders’ method of identification, the better was the prognosis, and, 
conversely, the higher the grade of malignancy the worse was the prognosis. 
Eightjr-six and two tenths per cent of the patients who had carcinoma oI 
I "’ere alive five years after resection, whereas only 23.3 per cent 0 ese p 
"•ho had carcinoma of grade 4 were liAung after a comparable penod 

From the prognostic standpoint, tlie presence or absence of m^olvemen 
■■^onal Ijmiph nodes was of the greatest significance. In 

’regional hunph nodes were not involved, the five }ear ^ tn'nnaT h-moh 

as contrasted with only 16.5 per cent in cases in which the regional hanph 

"odes were involved. . • , tUp stomach 

. II a patient lived five or more years after resection ot ^ 
he chance of sundval during tlie ensuing 5-ears was found to 
^ for an}' person of comparable age in the general popu a ion. 
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osteochondritis of ankle joint, 83 
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Anus, epidermoid cancer of anus and rectum, 330 
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-Irlerloselerosls : arteriosclerotic gangrene; re- 
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r.is 
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Arthrodesis: See Joints 

Arthrogryposis .Multlple.v Congenita: See Joints 
Aslragalns: Pee' also Ankle 
fracture of neck of, 729 
Atherosclerosis; Pee Arteriosclerosis 
Atrophy : Sco under names of organs and re- 
gions, ns Bones, atrophy; Ptomach ; etc. 
Alsatt, R. F. : Knowing liow to live, Ofll 
Aufranc, 0. E. : Useful surgical procedures 
for rheumatoid nrlhrllls involving joints 
of tipiier extremity. 71)1 

Aviation and Avlirlors ; paratrooper fracture. 

7.sn 

Avitaminosis : Pee under Vitamins 

Babcock, IV. W. : Operative treatment of cancer 
of large bowel without colostomy, 253 
Bacillnrla : Pee under Urine 
Back, Internal brace for low part of back, 
755 

Bacon, II. E. : Oiicratlve treatment of cancer ot 
largo bowel witliout colostomy, 253 
Bnclcrla : Pec Staphylococci ; Tubercle Bacilli : 
etc. 

Barr. J. S. : Slusclo transplantation for com- 
bined flexion-internal rotation deformity 
of tldgli in spastic paralysis, C05 
Batterman. R. C. : Demerol ; substitute for 
morphine in treatment of postoperative pain, 
404 
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gap in common bile duct of dog, 245 
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diseases ; biliary dyskinesia ; role played by 
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Biographies: 
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Bladder: See also Urinary 'Tract 
calculus, 442 
carcinoma, 440 
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carotid plexus, 

Carpus : See Wrl'^l 

Cartllas^' • al'^o 0<U*oi'lu>iiiltiil'v , I»((k. 

crowtlt and metabolism. VM* 
supplcal approaches to cplt>h>''lal < irlllu*- 
of knee and ankle joints, fiPl 
Casts: ?ee aI?o Fractures 
plaster cast technic. 112 
Cattell. R. B.: Kpiilcnnold carcinoma of anm 
and rectum. S.'tO 

Cells: Sec Tissue , , 

Cerobollopontile An;;lc. trigeminal ncuralgh* 
due to radlcutar Ie.>lons. r»r»ri 
Cercbrospln.ll Fluid, concenlratlon of proc/ilnc 
in spinal fluid of human being artcr suh 
arachnoh! Injccilon; third , 

CUciuothcrapv : See Burns; S\i!fat»(lafnldo nnri 

Sulfanilamide Derivatives 

ChcnotvctJi. A. F: Free graft over vIlnlKiiin 
tube for bridging gap lt» bile dnrJ 

of dog. 21.-; 

Chest: See Thorax ^ ^ . .m» 

Children. e(»ndlllomi hividvlng tvnd hi *'»» 
Cholcstcatonm, deunold and eiddv'nnotd Fmn * 
(cholesteatojiiaa) ol centuU oc' '0 »m 

r<M»or( of Ik'i CM'H"'. '»■'•' , .. 

rinvlclo, cleldtuoaobd dY<'‘’'n’’‘ , ,, . _ 

(•(.ht.,v. M. (■ (lcOMMl.,ho.,t OI I'. j 

fh.l.l, It.tf.h-MlCH.lIv "''''"AhmmIi ,t 

Hopilvd la / ..III. 

HUM ; lu , , 
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IXDliX TO you /Ml- -M 


Dcliyclradon. toliil cIrciiInlliiK pliiiinn t.riptcliin 
in surRlenl piilU-nls wllli (liliydrallnn ami 
nialmitrltlon ; liidlcatlnna for Inlravrnnii'! 
alimentation ^vltll amino aoldi. “7T 
Demerol; sulistltnte for moridilne In treatment 
of postoperative pain, 'lot 
DcQnervaln’s Disease r See under Tendons 
dc Taktits, G.: rost-traumatle dystropliy of 
extremities; chronic vasodilator nieelianlsm, 
■IC!) 

Dlcestlvc System: See Gastrointestinal Tract: 

Intestines ; Pancreas ; Stomach ; etc. 
Dislocations: Sco under IIlii; .Ians; Knee; 
Shoulder; etc. 

Diuresis and Diuretics, produel Ion of diuresis. 
4B7 

Diverticulum : Sco Ureters 

Duff, G. D. : Primary carcinoma of Infra-ani- 
pullary portion of duodenum with example 
of prohahlo orlcln from aherrant pan- 
creatic tissue, ‘101 

Duncan, G. W. : InorRanlc phosphorus content 
of scrum In shock, 21-1 

Duodenum, primary carcinoma of Infra-ani- 
pullary portion of duodenum rvllh example 
of probable orlpln from aberrant pancre- 
atic tissue, 491 
Ulcers : See Peptic Ulcer 
Dupuytren Contracture: Sec Contracture 
Dyskinesia : Sco Biliary Tract, diseases 
Dysmenorrhea : Sco Jlcnslruatlon 
Dysostosis: See Bones, cronth 
Dystrophy : Sec also Bones, atrophy 
muscular, and vitamins, 12S 
post-traumatic, of extremities; chronic vaso- 
dilator mechanism, 409 

Ebln, J. : Solid carbon dloxlde-fcrrlc chloride 
technic for hemostasis ; experimental study 
of Its effectiveness In brain, viscera and 
superior sagittal sinus, 380 
Edema, traumatic, 105 

Education, examination by American Orthoptic 
Council, 458 

Elbow, surgical approaches to elbow joint, 93 
Embolism: See also Thrombosis 
pulmonary; clinical and experimental study, 
27 

Enchondroma, solitary benign enchondroma of 
bone, 480 

Endocrine Glands: See also Hormones 
endocrine secretions /and their effect on 
growth, maturation and degeneration of 
bone, 123 

Epidermoid : See Nervous System 
Epididymis, blood supply, 152 
cyst of, 154 
tumor of, 154 
Epididymitis, 451 
Epiphyses and bone growth, 118 

surgical approaches to epiphysial cartilages of 
knee and ankle joints, 591 
treatment In cases of slipped capital femoral 
epiphysis at Massachusetts General Hospital. 
681 

Erythrocytes : See also Anemia ; etc. 

reticulocytosls following ablation of frontal 
cerebral cortex, 572 

Esophagus, transthoracic resection for cancer 
of cardiac end of stomach, 915 
transthoracic subtotal gastrectomy and esoph- 
agectomy for cancer; report of case, 930 
Exercise, pulmonary embolism ; clinical and 
experimental study, 27 
Exostosis on os calcls, 81 

Extremities : See also Arms ; Legs ; and under 
names of bones 
Amputation : See Amputation 
anatomic study of venous variations at fossa 
ovalis ; significance of recurrences follow- 
ing ligations, 289 
artificial limbs, llO 

blood supply; treatment of acute arterial oc- 
clusion by means of intermittent venous 
occlusion; report of case, .395 
effects of lowering temperature of Injured 
extremity to which tourniquet has been 
applied, 1G7 ■ 

injuries ; inorganic phosphorus content of 
serum In shock, 214 

post-traumatic dystrophy of ; chronic vaso- 
dilator mechanism, 409 
solitary benign enchondroma of bone, 480 


Fat, nl'iiirpfhiti aftrr -'.7 

IVmiir: .‘.’cp al-o lllp 

Uplphj.'pf : .bVr Kplphv jp' 

Itillllr.'iflori of liotip wlffi '(onfaupou’ ff.ipfurr 
In r.vsp of rhronlc myrlogpu'i'i- kiik.-ml.r. 
51 1 

.•!UliIro<-hnntpfl.'; o-fp'ifomy In rot.x v.vr.r. 7n 
IVrrlp fhlorhlp; rolld I'.irhon d!')rl‘l>-.rprr|p 
ohlorldp Irphnli- for iKrno'hi'l' : rxpprl- 
mental r.tioly of Its cffppttvrni In t r.vtn. 
tlscera and riiperlor «.iglttal "Intn, B-o 
niiula. fraetiire of diafts of both lonrs of 
lower lialf of hi;, 097 
ringers and Tta s; .sii e also I'lrf^.t : Hand 
rontracturr: Kte under rontr.ietiire 
epithelial <‘y.'ts, 101 
hallux valgin, 77 
hallux varus, 79 
idmlanglratlon. 101 
subungual glomus, .vr, 
tendon Injiirle.s, 102 
ristiila, biliary: g.illstone Ileu", 9 
of Idadder, 429 
ITalfoiit : .'sep under Fold 
Kluotldes, etfeet on skebton. 122 
Fool; Pee also Ankle; Astragalus; Calcanevim ; 
Fingers and Toes: .Metatarsus; etc. 
accessory lione.s of, .8 1 
conditions Involving foot In chlldrin. 80 
conditions involving foot In relation to rnlll- 
tary .service. 76 

deformitle.s ; .skeletal traetlon as methorl of 
treatment for certain fool iletormltle.s, 726 
hollow. 76 

Idiopathic flat font, 420 
imbalance, 74 

Injuries to foot and ankle, .83 
March : Sec Mctalnrsus 
measurements of fool movements, 80 
misconception alimit "springiness” of longi- 
tudinal arch of foot ; mechanics of arch of 
foot. 410 

Fossa ovalis; anatomic study of venous varia- 
tions at fossa ovalis; significance of recur- 
rences following ligations, 289 
Foster, 11. L. : Primary carcinoma of infra- 
nmpullary portion of duodenum with ex- 
ample of probable origin from aberrant 
pancrcatle tissue, 491 

Fractures : Sec also Legs ; and tinder names of 
bones and Joints, ns Astragalus; Femur: 
Fibula: Humerus; Legs; Tibia; etc. 
Infiltration of bone with spontaneous fracture 
In case of chronic myelogenous leukemia, 
514 

internal fixation, 112 
march fractures, 84 
paratrooper fracture, 780 
plaster cast technic, 112 
Frank, H. A. : Intravenous use of vitamin Ki 
oxide, 296 ; correction, 458 
Freezing : See Cold 

Friedman. H. H. ; So-called “benign metastasiz- 
ing goiter"; report of 2 cases with Intra- 
cranl.al metastasis, 377 

Friedmann, A. B. ; Infiltration of bone wiUi 
spontaneous fracture in case of chronic 
myelogenous leukemia, 514 

Galactose, evaluation of blood test for galac- 
tose tolerance In diagnosis of hyperthy- 
roidism, 581 

Gallbladder : See also Bile Ducts ; Biliary 
Tract 

biliary dyskinesia ; role played by remnant 
of cystic duct, 564 
calculi : gallstone Ileus, 9 
Gallstones : See Gallbladder, calculi 
Gangrene, arteriosclerotic; report on refrigera- 
tion prior to amputation, 518 
Gardner, E. : Surgical anatomy of external 
carotid plexus, 238 

Garrison, W. S. : Wound healing; effect of 
sterile abscess on fibroplasia in wound 
healing, 40 

Gastrectomy: See under Stomach 
Gastric Juice : See under Stomach 
Ulcer; See Peptic Ulcer 
Gastritis : See Stomach, Inflammation 
Gastroduodenal Ulcer: See Peptic Ulcer 
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(laytroIntv^tJnal Trari: Sco nl^n Intestine?; 
licctum : Stomach: tie. 
nctalnllc al'iiornialltka In I'atknl.' a'ltli 
cancer of ca'troSnIc'tInal tract ; rerkav of 
recent rtnillc?, ?41 
Gastroscopy: See tiinlcr Stomacli 
Genitals; See akn X'rinary Tract; and under 
names of yenltals. as I’cnls : etc. 
tuberculosis, transmission of. lf.r> 

GiU. G. G. : Surclcal approaches to eplph.cslal 
prlllases of kneo and ankle joints, apl 
Glnsberp. V.; Inllltratlon of hone arlth spon- 
taneous fracture In case of chronic myelo- 
cenous leukemia. r.l4 

Gkasser, S. T. ; Anatomic study of venous varia- 
tions at fossa ovalls : significance of recur- 
rences folloivinc llpatlons. fiSO 
Glenn, F. : Effects of administration of sodium 
fulfadlarlne to docs, SiC 
Glomus Tumors : See Tumors 
Goiter: See ako Tliyrold 
So-called "bcnltm metastaslalnc colter” : re- 
ron of 2 cases with Intracranial metastasis, 

I I 

Goldbery, A.: Fate of procaine In human body 
jjfter subarachnoid Injection, 45 
Gordlmer, H. : Fracture of shafts of both bones 
of lower half of lee, 057 
Grafts : See Bones ; Ilium ; etc. 

Graham. R. r. ; Total castrcctomy for carei- 
noma of stomach, 507 

Gray. H. k. . uiKury dyskinesia: role played 
hy remnant of cystic duct, 704 
Frocnosis and end results In treatment ot 
cancer of stomach, 535 
Grease cun Injuries ot hand, 100 
Green, w. T. : Pseudarthrosls and neurofl- 
oromatosls, 639 

GUIss, h. \y_- Chronic atrophic castritis and 
cancer of stomach, S23 
Gunshot TTounds : See IVounds 
Gutierrez, R. : Review of urologic surcery, 
13S, 422 

^s'ey. E. R.; Arteriosclerotic cangrene; report 
refrigeration prior to amputation, 51S 
Fingers and Toes 

“amby, 3V. b. : Trigeminal neuralgia due to 
Ti,„5®‘ucular lesions, 355 
“and: See also Fingers and Toes 
anatomy of, 99 
Ffose gun injuries of, 100 
edema. 103 

“auflig. s. S.: Pain in shoulder girdle, arm 
and precordium due to foraminal compres- 
nerve roots, 652 , 

"utot, H. G., Jr.; Thoracoabdominal gunshot 
review of 84 cases, 59 
H. ; Delayed splenic rupture : 
Clinical syndrome following trauma ; re- 
^ cases with analysis of 177 cases 
from literature, ISO 

*’ “• I*.: Central bone graft in joint arth- 

Head: See Cranium 
«aangiom.T of bladder, 442 
Wei Wuits. 465 
Hematuria, l$6, 455 

cmoiThage : See Brain, hemorrhage ; Hemosta- 


jTp etc. 

p] ulso Blood, coagulation ; etc. 

resistance in mice and mechanism of 
hemostasis, 224 

Crts of lowering temperature of Injured 
to which tourniquet has been 
,.f,PPHcd. 167 

fft ^^rbon dioxide-ferric chloride technic 
S^niQstasis; experimental study of its 
>^®^^^6ness in brain viscera and superior 
3S6 

Seple/ Ducts 

iJc Review of urolosic surgery, 

^ -toji* 422 

nlnmai-T^^' cllkone ileus. 9 

-t.: Review of urologic surgery, loS, 

defofmit?^° Femur: Ulum 

■TOties; subtrochanteric osteotomy in 
tfl vara. 742 

V osteotomy; general method for 
angular and rotational dls- 
aunecients, 772 


Hormones : ?co Eiidncrirc Glands 

pellet Implantation c/ licrm in urology, 

4 *» 

llf"ipltals, trc.vtmcnt in cases ■ ; <:ipre-i capital 
fcniorai epiphysis at Mas-.i.'haset'': General 
Hospital. 6S1 

Humerus, conditious resulting ir. m injuries 
about head of humerus. S5 
early moldllzatlon of fractures of ’ pter end 
of humerus. 6I4 

operation for benign cyst of upper numeral 
ractaphysis. 755 

wire fixation of fractures of proiim.i! t.,!rd of 
liuments, 67S 

Hurwitz. A.; Intravenous use of vltam.r. Ki 
ovide. 256 ; correction, 45S 
Hydronephrosis, 424 
Hygroma : See under Bursa 
llyperparathjTDidism : See Parathyroid 
Hypertension : See Blood pressure, high 
Hyperthyroidism : See under Thyroid 
Hypertrophy ; See Prostate : etc. 

Hypoprotclnemia : See Blood, proteins 
Hypoprotlirombinemia : See Blood, prothrombin 

Icterus: See Jaundice 
Ileus : See Intestines 

Ilium, repair of large cranial defects : report 
of case In which large cranial defect was 
repaired by graft from ilium, 575 
Industrial Diseases, hollow foot, 76 
Infertility: See Sterility 

Injections, total circulating plasma proteins in 
surgical patients with dehydration and mal- 
nutrition ; indications for intravenous ali- 
mentation with amino acids. 277 
Injuries ; See Trauma : and under names of 
organs and regions, as Abdomen; Ankle; 
Extremities: Foot; Hand; Humerus; Spine; 
Tendons; etc. 

Instruments ; See also Apparatus 

nerve regeneration in rat following tubular 
splicing of severed nerves, 525 
surgical. Ill _ , . j 

Internal Secretions : See Endocrine Glahds _ 
Intestines : See also Duodenum ; Gastrom- 

'lestinal Tract; Kectum . 

effects of jejunal transplants on experimental 
production of peptic ulcers, 439 

gallstone ileus. 9 , , i 

operative treatment of cancer of large bowel 
without colostomy. 253 
ncers: See Peptic Tlcer 
ureterointestinal anastomosis, 4.>i 
Islands of Langerhans : See Pancreas 

Jackson, G. H.. Jr.: Henry Jacob Bigelow, or- 
thopedic surgeon, 606 , 

Jaffe. H. D-: Solitary benign enchondroma or 

JaumUce! obstructive, therapeutic trends and 
operative mortality m cases of. oO;. 

^“operarion for correction of recurrent dislo- 
cation of, 762 
Jejunum : See Intestin^ 

Joink-'"sef'aHo'’nnder"names of individual 
joints" as Elbow: Hip: Knee; etc, 
arthrogryposis multiples 

^entralbine graft in joint arthrodesis, fe. 
f^ontpicturc • See Contracture , 

riudkd froin PH.v-riolcgic and Wstolog.c porno 

procedures for rheumatoid 
"'frtL-risTnvoiving joints of upper extremity. 

X w J - Treatment in cases of sllpreJ 

'“^'‘“a-pifal ^emororeplphysls at Massachusetts 
General Hospital, 

Katzeff. 31.: Arthrogryposis multiplex cen- 

Kev."J.“'i": wL fixation of fractures of ptoxl- 
■ mal third of humerus 0. a 
Kidneys: See also Urinary Tra.. 
abccrmalUle? ; eckC, l-» ■»— * 

anomalv, 422 
calculi, 4-'> 

SSs4V See ttlso ny,kcne;!w;:sk ^ 
dkcases: h.vrcrter.sb r. at... — — ' 

dlsissc, 431 
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ICIdiR'.vs — ConlliiUfil 

cITocIs of ndmlnlstriillnii of sodium •idfn- 
dliizinc to iloRs, :i2r, 
rciinl liypcrpnrnth.vrolillsm. in:; 
rctropcrltoiicnl tiimors nlTccIlim MdinR'. ini 
KPi'clciil tccliidc. 

tests for concentration of nrlnc. ino 
tidiercnlosls, 'ino 
tumor. ‘127 

Klrlclln. II. It.; Mlslnlu'.s nnil mlsnnilerdnndlocs 
In rocntRcnoloKlc dlapnosls of (.•.(••trie can- 
cer. 801 

IClclKcr. 11.: Hole of toxin and use of nutitoxlii 
In sj'.slemlc stnphytocnccle tnfeellouH. Ol'f 
Klein. A.: Treatment In cases of sllppeil cnpllal 
femoral eplpliy.sl.s at Mnssncliusetls Ceiieral 
Hospital. 081 

Knee: See also Semilunar Carlllaces 
development of human Knee joint, TOO 
dlsloeatlon ; report of 1 cases. ."'.i.S 
liemanKloma of jolnt.s, lO.l 
prone position for exposlnt: medial meniscus 
of l:ncc joint. 010 

surplcal approaches to cplphy.slal cartllaccs of 
Unec and ankle joints. 001 
Koster. H. : Concentration of procaine In 
cerebrospinal Iluld of human hcltiK after 
subarachnoid Injection: third report. :ini 
Fate of procaine In human body after siiti- 
arachnold Injection, in 
Kuhns. J. G. : Adventitious bur.sas. CS7 

Laliclt. J. .1. : Clot resistance In mice and 
mechanism of hemostasis. 221 
Lambros. A'. S. : Repair of larpc cranial defects: 
report of case In rvhlch larce cranial 
defect was repaired by graft from Ilium. 
■07,'l 

haugerhans’ Islands ; See Pancreas 
Lapldus. P. W. : Misconception about “sprliicl- 
ness” of longitudinal arch of foot; mechan- 
ics of arch of foot. ■110 
Larson. C. B. : Useful surgical procedures for 
rhoumatold arthritis Involving joints of 
upper c.xtremity, 701 
Legs : Sec also Extremities : Foot 
Amputation : See Amputation 
Artificial: See Extremities, artificial 
deformities; pseudarthrosls and neurofibro- 
matosis, 039 

fracture of shafts of both bones of lower 
half of leg, 097 

traeture, relaxation of tendo achlllls In, 80 
length; central bone graft In joint arthrode.sls, 
004 

length, equalization of, 114 
Leukemia, Infiltration of bone with spontaneous 
fracture In case of chronic myelogenous 
leukemia, 514 

von LIchtenberg, A. : Review of urologic 
surgery, 138, 422 

Lichtenstein, L. : Solitary benign cnchondroma 
of bone, 480 

Life, knowing how to live, 004 
Ligaments ; See also Knee 

misconception about "springiness” of longi- 
tudinal arch of foot ; mechanics of arch 
of foot, 410 
Triangular; See Wrist 

Llkolf, W. B. : Evaluation of blood test for 
galactose tolerance in diagnosis of hyper- 
thyroidism, 581 

Lincoln, J. R. ; Fracture of shafts of both 
bones of lower halt of leg, 097 
Linton, R. R. : Treatment of acute arterial 
occlusion by means of Intermittent venous 
occlusion ; report of case, 395 
Liver ; See also Biliary Tract 
deleterious efl'ects of anoxia on liver of 
hyperthyroid animal, 171 
hepatic dysfunction In patients with gastro- 
intestinal cancer, 851 

surgical problem of gastric cancer with ref- 
erence to (1) closed method of gastric 
resection, (2) coincidental hepatic resec- 
tion and (3) preoperative and postopera- 
tive management, 879 

Longitudinal Arch ; misconception about '^spring- 
iness” of longitudinal arch of foot ; mechan- 
ics of arch of foot, 410 


I.oliglludin.al .‘^Inu". ; ■■'.ll’l r irl.-u-. dl.,r!!- frrrl." 
rhIotPli ti -hnh- !'<t lu n-.'. ^ ; r-!;.--!. 

mi'nt.ll .'.lud'/ of It! rgi ‘-MvrT.f - If; t.rUf. 
vl-cfra and '■umrlor "rgl’lil 
Lord, J. W,. Jr.: Ld.-fi of ) trit-:lif,': 

on < \p‘-rliiii-nlal prod'i-dlot. o' u' -t', 

■l.'.'.i 

I'reo graft over vll.'illlnm loto- for brl lglo; 
gap In common bib- do*; rf d' 21'. 

Lungt : Hco Tbor.tx; lU-. 

Lmbfill-.m : S*r EmboH-rfj 

McDermott. L, J, : I»i r> loj.;:;. ut of bom in 

l.nci- Joint, 70’; 

.Mcltrr. .M, A,- Hchd.-rlotn „f 

on llirr of h> pi rlbj rold aidm il. 171 
AtcKcrvi r, F. .M. : Fracluri- of n-cb i.f ,a-rr.igi- 
his. 720 

.McSwaln. II,: Ilffcrts, of admlnl itr .-itlou of 
.sodium .sulfadlarlm- to dogi. ;'.2c, 
Mndolung’s lu rormlly ; Sv- Wrld 
Malsrl. It.: EtTcets of ndmlnUtr.ition of --i. 

Ilium .sulfadla/lni’ to do.;s, :;2C, 

.Mnligaiii'sc, cffii't on tioni’ growth. 122 
.March rr.icturc: See under .Met.vt.-ir'.o s 
.Medicine. .Military; .See also .Itbitlon and 
Av lators 

conditions invohlng foot In relation to mill- 
tiiry .service, 711 

rclinbllllntlnn In wartime Britain, 7S.S 
Mellors. It. C. : Total circulating plasma pro- 
teins In surgical patients wllli dehydration 
and malnutrition; Indlcatlon.s for Intra- 
venous alimentation with amino acids. 277 
Mcnliige.s, concentration of iirocalne In spinal 
lliild of human being after subarachnoid 
Injection: third report. oDl 
Meniscus: Sec Semilunar Cartilages 
Menstruation : dy.smenorrhea ; re.sult of postural 
defect, Gll 

Meranze, II. R. : Evaluallon of blood test for 
galactose tolerance In illagno.sls of hyper- 
thyroidism, 581 

Mctiibollsm and earlllage growth. 133 
bone growth, repair and metabolism, llli 
metabolic abnormalities In imtlent.s with can- 
cer of gastrointestinal tract; retlew of 
recent studies, 814 

metabolic abnormalities of postoperative 
period, 857 

Metals, free graft over vltalllum tube for 
bridging gap In common bile duct of dog. 
245 

Metatarsus : Sec also Fool 
march fractures, 81 

Mcttlcr, F. A. : Itetlculocytosls following abla- 
tion of frontal cerebral cortex, 572 
Jleycr, L. M. : Infiltration of bone with 
spontaneous fracture In case of chronic 
myelogenous leukemia, 511 
Military Jlcdlclnc : See Medicine, Military 
Jllllcr, D. S. ; Post-traumatic dystrophy of 
cxtromltles ; chronic vasodilator mechanism, 
4G9 

Mitchell, N. : Traumatic hemorrhage of Inter- 
nal capsule, 2C5 

Jlorphlno, dcmcrol ; substitute for morphine 
In treatment of postoperative pain, 491 
Morris, R. H. : Skeletal traction ns method of 
treatment for certain foot deformities, 730 
Mulholland, J. H. : Demerol; substitute for 
morphine In treatment of postoperative 
pain, 404 

Muscles, biochemical studies of, 132 

cervical rib and scalenus antlcus syndrome, 
91 

misconception about "springiness” of longi- 
tudinal arch of foot ; mechanics of arch 
of foot, 410 

muscle and tendon rupture, 90 
muscle transplantation for combined flexion- 
internal rotation deformity of thigh In 
spastic paralysis, G05 
neuromuscular studies, 129 
physiologic studies of, 132 
review of literature, 128 
tendon and mnscle repair, 13G 
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Narcosis: Stc Anr'llir<Ia 
Xcrlircctoniy : Per iiiulir KIdiirjs 
N'trvcs: S'cc al'-o Nervous System: Niiiralcla: 
Taralysls 

none rt^rncratlon In rat fiillonlnc tubular 
srllclnc frf sowrod tiers i-s. .'tt,'. 
rain In slioulder itlnllc. arm and [ineordhim 
due to foramlnal compression cf nerve 
roots, f:ri2 

roots; trlpemlnal neuralpla due to radicular 
lesions, rir.." 

Nervous Sj-stem : See al'o Ilrain: Nerves; 
ete. 

dermoid and crideriuoid tumors (clioles- 
tcatonins) of central nervous system; re- 
port nf 2 :? cases, .ir.n 
neuromuscular studies. 123 
surplcal anatnmv of external carotid ideius, 
23S 

Nettlcslilp. A.; Kxiierimcntal pastrlc carcinoma, 

V 

Neuralpla, sui-pjp.i] .matomv of c.vlenial carotid 
plexus, 2.":' 

trlpemlnal. due to radicular lesions, o,a.” 
Ncuroabromatosis and pseudartlirosis, C33 
Mckel. W. r. ; Treatment of burns vrltli 
elicmotlicrapcutlc meniliranes. 1 
-'Utritlon : See also Vitamins 
total circulating plasma proteins In surpical 
ratlent.s with dclivdratlon and malnutri- 
tion; Indications for Intravenous alimen- 
tation with amino acids, 277 

Occupational Diseases ; See Industrial Diseases 
Occupational Thcr-apy, rehabilitation in war- 
time Drltaln, 7SS 

u Conor. V. J.; Ucvlew of urolopic surpery. 
1.3S. 422 

Oil, prease pun injuries of hand, 100 
Operating Uooms ; See Surpery 
ttWiIopexy; See under Testes 
Orthopedic Surpery, propress for 1341 ; review* 
prepared hv editorial board of American 
Academy of Orthopaedic Surpeons, 74 
(vj^fPrints of *'Propress*’ available, 4oS 
Orthopedics: See also Amputation; Fractures; 
etc. 

bmees, no 

“Miry Jacob Bipelow, orthopedic surpeon, 
660 

Otteimal brace for low part of back, 755 
nJ^fP^bllitatlon in wartime Britain, 7SS 
rtboptics, examination bv American Orthoptic 
Council. 45S 

“s Atromiale : See Scapula 
balds : See Calcaneum 
Centrale : See 5Vrist 
Ospooa. Kobert B.. oS9 

how to live. 604 
^“cation centers, 121 
uelayed. 122 

xteitis deformans ; Papet’s disease witli asso- 
ciated osteopenic sarcoma ; report of 3 
cases, 750 

aprosa cystica iocalisata ; operation for benipn 
Oslo?? 0^ upper humeral metapliysis, 759 

ocnondritis dissecans; discussion of - 
suniiar lesions, 635 
Oi?; joint. S3 

See Bones, prowth 
oJ^horosis : See Bones, atrophy 
See Hip, deformities 

• deficiency ; deleterious effects of^ anoxi,a 
- on liver of h 5 *perthyroid animal, 171 

C. T. : Metabolic abnormalities in pa- 
rents with cancer of pastrointestinal tract ; 
Tto?*.? of recent studies, S44 
■transthoracic subtotal gastrectomy and esopb- 
Parec ^or cancer; report of case, fiaO 
Pain “ Disease : See Osteitis deformans 

: Oomerol; substitute for morphine m 
in of postoperative pain. 404 

pirdle, arm and precordium due 
^oraminal compression of nerve roots, 

I'ahv“°“^'* 

Paralysis 

1 primarv carcinoma of infra-ampul- 
rT,?, portion of duodenum with example of 
n„,ohle origin from aberrant pancreatic 
494 

ua of A'ater: See Tater’s Ampulla 


r.ir.acliutc .Imiipcr.t : Sec Avi i: ■ .md Aviators 
Daralysii. mu'-cle tr.mspl.vnt.i:. i' r combined 
llcxlmi-liitcrnal rotalinn : rruy of thigh 
in .spa'-llc par.ilysls. Cflt 
raralliyrold ; r 011 . 1 l liypcrp.ii ii' "i iism. 433 

r.-.ratroopcr : Sec Aviation .ic.i Viitors 
rcaliody, C. 4V. : Shibtrochaiiti r... r-teotomy 
in coxa vara, 743 
IVnIi, aiioninly, 451 
plastic Induration, 1.75 

Peptic Ulcer, clTects of jejunal triiiji'ints on 
experimental production, 459 
riialariges; Sec Fingers and Toes 
1‘licmlster. D. It.: Transtlioracic resect .' 0 'or 
cancer of cardiac end of stomach, .'li 
Phimosis. 176 

I’ike. 5r. M. : Papet's disease with associited 
osteopenic sarcoma ; report of 3 cases. 7.3'' 
Pitkin. 11. C. ; Internal brace for low part or 
back. 757 

Plastic Surgery : See Surpery, plastic 
Polypi : See Ureters 
Position : See Posture 

Posture, concentration of procaine In spinal 
fluid of human being after subarachnoid 
Injection : third report, 301 
dy.smcnorrhca : result of postural detect. 611 
positional pain, 771 

prone position for exposing medial meniscus 
of knee joint. 616 

Potts. 'V. J. : I’ulnionary embolism ; clinical 
and experimental study, 27 
Precoidium. pain in shoulder girdle, arm and 
precordium due to foraminal compression 
of nerve roots, 652 
Prepuce : See Penis 

Priestley. J. T. : Prognosis and end results in 
trc.atment of cancer of stomach, 939 
Review of urologic surgery, 13S, 422 
Procaine and Procaine Compounds: See also 
Anesthesia ^ 

fate in human body after subarachnoid injec- 
tion, 49 

Prostate, carcinoma, 146, 44i 

hypertrophy. 145, 445 i-hcc 

prostatic resection for patients with tabes 
dorsalis, 447 

tuberculosis, 147 _ . 

Prosthesis : See Extremities, artific.ai 

Proteins : See also Amino Acids 
in Blood • See Blood, proteins 
wound healing; effect of sterile abscess on 
fibroplasia in wound healing, 4U 
Prothrombin: See Blood, eoagulatmn 
p-eudarthrosls and neurofibroraatcteis. biv 
Pyelography; urography. 164, 4o4 

Rand C 4V * Dermoid and epidermoid ‘urn^ 
(cbolesteitomas) of central nervous system, 

Kavd?n S-. "lurgS care of patients with 
gastric cancer before and after operation, 

Reckftaghausen.’s Disease: See Neurofibroma- 
tosis; Osteitis fibrosa nnn*; "nd 

Kectum. epidermoid carcinoma of anm, 

rectum, 336 ^ and epidermoid tumors 

''^'"?eiio?est^eatoma\Tof central nervous system: 
report of 23 cases oaO 

^"‘’c^ipfcl^^emoTal Siysis at Massachusetts 

General Hosp.taU^ea in pa- 

TentT'whh cancer of gastrointestinal tract , 
review of recent studies .4-1 

5errinl‘'’‘'of o”rthoredic Surgery" 

patients wVtli cancer cf gastrcin.cs.lnal 

u-i^T-A'crpafirnts with 
^‘’’"gas.rfi f.ancc'r before and after creraUc... 

Kibsf'^bnormaUties: cc^lcal rib and scalem.- 
anticus syndrome. . i ... 

Kiegel.C.: 

cancer l'€*ore ..cl. 
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llociilKcn Itiiys. mlsliiljos ami nilsiimlcrslnmllnci 
In roonlci'nnliiuli; (llacmi'tls of castrlc eaii- 
I'l'r, Sfil 

Therapy: See nmler iiniiirs nf nrpniis, rcnhiiis 
iiml dlscnscK, ns Anhie : Slimildor ; WrIsI ; 


Cl'-. 

Uosur.s, W. A.: OperatIcMi fnr cyst ot 

upper hnniernl melaphysls, "."O 
Itoyster. II. 1’.: Sifrplcal care of paticrils «l(ti 
castrle cancer before and after operation. 
871 


Undo, N. : I’.scndnrlhrosls and ncnroflbroinnto- 
sls, CSfl 


Enggital Slims : Sec I.onKitiidInal SImis 
Salts, mobilization of bone .salts. 121! 

Sanders, G. B. : 'Wound hcallnp : cITcct of sterile 
nbsccss on flbropla.sla In ivonnd liealliic. 10 
Sarcoma : See also Tumors 

Paitet’s disease with associated osteoKenIc 
sarcoma ; reiiort of 8 cases, T.'iO 
Scapula, conditions about scapula, 02 
Schlff, B. : Gastroseoplc diapnosis of pastrlc 
cancer, S05 

Schmelkcs. P. C. ; Treatment of bnrn.s with 
chemotherapeutic membranes, 1 
Schneeberg, N. G.: Evaluation of blond test 
for K.ilaclose tolerance In diagnosis of 
hyperthyroidism, r.Sl 

Scholl, A. J. : Ilcvloiv of urologic surgery, 188, 
422 

Sclerosis : See Arteriosclerosis 
Secretions, Internal : Sec Endocrine Glands 
Seed, L. : Thoracoabdominal gunsliot wounds; 
review of 84 case.s. 30 

Seligman, A. 51. : Intravenous use of vitamin 
Ki oxide, 290 : correction, 438 
Semilunar Cartilages : See also Knee 
development of human knee Joint, 703 
prone position for exposing medial menl.scus 
of icnee Joint, OIG 
Sesamoid Bone : See Metatarsus 
Sex, Intergrades : See Hermaphroditism 
Sharpe, W. S. : Biliary dyskinesia ; role 
played by remnant of cystic duct, 504 
Shock, Inorganic phosphorus content of serum 
in, 214 

Shoulder: See also Clavicle: Humerus; Scapula 
acromioclavicular and coracoclavlcular con- 
ditions, 91 

lesions due to injury and disease of bursas 
and tendons about shoulder Joint, 87 
lesions of suprasplnatus tendon : degenera- 
tion, rupture and calcification, 307 
pain in shoulder girdle, arm and precordlum 
due to toraminal compression of nerve roots, 
652 

recurrent dislocation of, 89 
roentgen therapy, 89 
Sinus, Saggital: See Longitudinal Sinus 
Skull : See Cranium 

Smith, L. D. : Operation for correction of re- 
current dislocation ot jaw, 702 
Smith, S. : Pulmonary embolism ; clinical and 
experimental study, 27 

Smith-Petersen, 51. N. : Useful surgical pro- 
cedures for rheumatoid arthritis Involving 
Joints of upper extremity, 764 
Societies, American Urological Association, 458 
International College of Surgeons, 458 
Sodium Sulfadiazine: See Sulfanilamide and 
Sulfanilamide Compounds 
Spermatic Cord, tumors of, 451 
Spinal Fluid : See Cerebrospinal Fluid 
Spine, Injuries, new aspects of, 619 
pain In shoulder girdle, arm and precordlum 
due to foraminal compression of nerve 
roots, 652 

Spleen, delayed splenic rupture ; clinical syn- 
drome following trauma ; report ot 4 cases 
with analysis ot 177 cases collected from 
literature, 186 

Staphylococci, role of toxin and use of anti- 
toxin In systemic staphylococcic Infections, 
548 

Stefko, P. : Effects of jejunal transplants on 
experimental production ot peptic ulcers, 
459 

Sterility; Infertility, 153 

Stewart, F. W. : Chronic atrophic gastritis 
and cancer of stomach, 823 
Stewart, S. F. : Positional pain, 771 


Slnmach : Si i- nl'n Gu '.troliilr^thml Tr.i '! 
nliMirpIlou of fat nflrr total c'l-trrrtomy. ‘■37 
(•.anevr, and rhroulv nlrotibb; g.v^trill'-. ,'•2': 
rniiccr, ctiicrlinriital, 79:: 
l■an(•er: gn'itrmcoplc dlagiio'h. 86.3 
(•.■Hirer; inhlakc-; and liil-undi-r.ilandlm In 
rovntgi'Mohutlr dlni:iio"l'>. ''(’,1 
ralircr, Iiallinhuty of. ,807 

(•.aiirrr; nrog/ioih and i od ri iriltv In trvit- 
mrnt, 980 

cancer : siirglenl rare of I'alh nts with ga-trlc 
cancer lufore and afli r oiirrallon. 871 
rniieer; surttleal [irobh m with n ffn iie.' to 

(1) ebi.sed iiiithod of gn«trb: rcsi'dlon. 

(2) rolnehhiilal hviiatle rv ii-llon and (8) 
preofieratlve and fiostoiuratlve managiiaeot, 
879 

mtirer, tola! ga.'ilreclnmy for. 907 
cancer: Irnnsihoraric rcKClInn for cancer of 
earillac end of .stomach, 91.3 
ranrer; tran.'ilhoraclc .■oiblntal gastrectomy 
and esoidiagertomy for cancer; reiiort of 
case. 980 

Intlammatlon : chronic atrophic ga.strlll.v and 
cancer nf .stomach. 828 
Ulcers: See Peptic tflccr 

Stout. A. P. : Pathology of carcinoma nf 
stomach, 807 

Sulfadiazine: .See Sulfanilamide and Sulf- 

anilamide Dcrlvatlvc.s 

Sulfanilamide and Stdfanllamhle Compounds, 
cllect.s of administration of sodium .sulfa- 
diazine to dogs. 326 

therapy with sulfonamide compounds. 137 
Irealment of biirn.s with chemotherapeutic 
membranes, 1 

Surgery: Sec also Apparatus; Instruments; 
Wounds ; etc. 

demcrol : substitute for morphine In treatment 
of postoperative pain. 401 
Internal brace for low part of back, 733 
metabolic abnormalities of postoperative 
period, 857 
new operations, 114 

plastic; plastic Induration of penis, 133 
poslopcrallve . anemia. 800 
postopcrallvo hypoprothromblncmla, 839 
surgical care of patients with gastric cancer 
before and after operation, 871 
surgical instruments. 111 
surgical problem of gastric cancer with ref- 
erence to (1) elosed method of gastric re- 
rectlon. (2) coincidental hepatic resection 
and (3) prcoperatlve and postoperative 
management, 879 

therapeutic trends and operative mortality 
In cases of obstructive Jaundice. 504 
total circulating plasma proteins In surgical 
patients with dehydration and malnutrition ; 
indications for Intravenous alimentation 
with amino acids, 277 

Sutures: See under Surgery 

Syphilis : See under names of organs and re- 
gions 

Tabes Dorsalis, prostatic resection for patients 
with, 447 

Talus: See Astragalus 

Telescoping V Osteotomy : See Abnormalities 
and Deformities 

Tendons, avulsion of distal biceps brachii 
• tendon, 94 
DeQuervaln’s disease, 98 
diseases and Injuries of tendo achillis, 81 
Injuries, 102 

lesions due to Injury and disease of bursas 
and tendons about shoulder Joint, 87 
lesions of supraspinatus tendon; degenera- 
tion, rupture and calcification, 307 
muscle and tendon rupture, 90 
relaxation of tendo achillis in fracture of 
•leg, 86 

tendon and muscle repair, 136 
torsion ot achllles tendon ; its surgical sig- 
nificance, 784 

Testes : See also Epididymis ; Epididymitis 
biopsy, 153 
blood supply, 152 
torsion of testicle, 151 
tumors of testicle, 148, 450 
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Thiph: See also Hip; I.ezs 

anatomlp study of venous variations at fossa 
ovalls; slpnlficance of recurrences followlnp 
llpatlons, 2SP 

muscle transplantation for combined tlexlon- 
interual rotation deformity of tlilph In 
spastic paralysis. GO.'; 

Thompson. G. J.: Kevlew of uroloplc surpery, 
13S. 422 

Thompson, T. r. : Telcseoplnp V osteotomy; 
peneral method for corrcctlnp anpular and 
rotational disalinements, 772 
Thorax : Sec also Ribs : etc, 
thoracoabdominal punshot wounds ; review ot 
S4 cases, a? 

transthoracic resection for cancer of cardiac 
end of stomach, Ola 

transthoracic subtotal pastrectomy and csoph- 
apectomy for cancer: report of case, 030 
Thrombosis : See also Embolism 
pulmonary embolism ; clinical and experi- 
mental study, 27 
Thyroid: See also Parathyroid 
deleterious effects of anoxia on liver of hvpcr- 
thyroid animal, 171 

evaluation of blood test for palactosc toler- 
ance in diapnosis of hyperthyroidism, 5S1 
so-called "benipn metastasizinp polter” ; re- 
port of 2 cases with Intracranial metastasis. 

. 

Tibia, fracture of shafts of both bones of 
lower half of lep, G97 
notes on early bone cyst. COS 
Tissue, wound heallnp ; effect of sterile abscess 
.on fibroplasia in wound healinp, 40 
Tobm, 4Y. ,T. : Paratrooper fracture, 7S0 
Toes: See Finpers and Toes 
Touniiquet : See Hemostasis 
Toxin, role of toxin and rise of antitoxin in 
sptemlc staphylococci infections, o4S 
action: See under Foot 
Trauma : See also under names of organs 
and regions, as Abdomen; Ankle; Extreml- 
ues : Foot ; Hand ; Humerus ; Spine ; Ten- 
dons; etc. 

rupture ; clinical syndrome 
lollowmg trauma ; report ot 4 cases with 
analysis ot 177 cases collected from litera- 
ture, ISO 

®°®t-traumatic dystrophy of extremities; 

chronic vasodilator mechanism. 469 
traumatic edema, 103 

hemorrhage of Internal capsule, 

26a 

Sf,“=’^“ter; See Femur 
ruoercle BacIUI; tuberculous bacilluria, 435 
uoerculosis: See under names of diseases, 
or^ns and regions, as Genitals ; Kidneys ; 
Prostate ; etc. 

i Cholesteatoma ; Enchondro- 

J Hemangioma ; Sarcoma ; etc. ; and un- 
aer names of organs and regions, as Ab- 
Gomen ; Bladder; Bones; Epididymis; Pin- 
cers and Toes; Kidneys; Spermatic Cord; 
Testes; etc, 

epidermoid tumors (choles- 
central nervous system ; report 
of 23 cases, 350 
subungual glomus, S6 


names of organs and regions, 
as Bladder: etc 

See Peptic Ulcer 

."i^i^^rapeutic trends and operative 
^o^nauty m cases of obstructive jaundice. 

Preterocele: See under Ureters 

calcnli, 111 
diverticulum, 43S 
polyps, 437 
spasm, 439 
ureterocele, 437 

ouostomosis. 437 
extravasation, 156 

Pretc?s?‘^etc. Kidneys; 

anesthesia*, IGC 

apents, 452 

infection. 163 


ITrinc; Bee aPo Diuresis and Diuretics: Hema- 
turia ; etc. 

tests for concentration of, 43G 
tuberculous bacilluria, 433 
E'rograpliy: Fee Pycloprapby 
Hrolltlihasls : Fee Urinary Tract, calculi 
I'roloplc surpery. review of. 13S. 422 
Pirrlopy. pellet Implantatlnn of bormoncs in. 
437 

V Osteotomy: Fee Hip. deformities 
Vas Deferens, c.alclficatlon of, 1.3.3 
Vasomotor Fystcra : See also Arteries : Veins 
post-traumatic dystrophy of extremities; 
chronic v.asodlIator mechanism, 46? 
I'atcr’.s Ampulla, primary carcinoma of infra- 
ampiiUary portion of duodenum with ex- 
ample of probable orlpin from aberrant 
p.ancrcatic lls.suc. 491 

Veins : Sec also Embolism ; Vasomotor System ; 
etc. 

anatomic study of venous variations at fossa 
ovalls: slpnlflcance of recurrences foUow- 
Inp Ilpatlons. 2S9 

treatment of acute arterial occlusion by means 
cf intermittent venous occlusion ; report of 
case, 393 

Vertebrae : See Spine 
Viscera : See also .\bdomcn 
solid carbon dloxlde-ferrlc chloride technic 
for hemostasis; e.xpcrimental study ot its 
effectiveness In brain, viscera and superior 
saplttal sinus. 3SG 

thoracoabdominal punshot wounds ; review of 
S4 cases. 59 
Vltalllum : See Metals 

Vitamins, A; disturbances in distribution ot 
vitamin A, S44 
and bone formation. 116 
and muscular dystrophy, 12S 
K : See also Blood, coagulation 
K; Intravenous i:sc of vitamin Ki oxide, 296; 
correction, 45S 

K: therapeutic trends and operative mor- 
tality in cases of obstructive jaundice. 
504 

Walters, VT. : Prognosis and end results In 
treatment of cancer of stomach, 939 
Wangensteen, 0. H. : Surgical problem of 
gastric cancer with reference to (1) closed 
method of gastric resection, (2) coincidental 
hepatic resection and (3) preoperative and 
postoperative management, S79 
War : See also Aviation and Aviators ; Medi- 
cine. Jlilitary ; Wounds : etc. 
rehabilitation in wartime Britain, 7SS 
Warshaw, E. : Fate of procaine in human body 
after subarachnoid injection, 49 
Watson, ' W. E. : Transthoracic subtotal 

gastrectomy and esophagectomy for cancer : 
report of case. 930 

Weiss, P. : Xerve regeneration in rat following 
tubular splicing of severed nerves, 523 
White, J. W. ; Torsion of achilles tendon : its 
surgical significance. 7S4 
Wildbolz, E. : Review of urologic surgery. 13S^ 
422 

WUUams, A. C. : Epidermoid carcinoma of anus 
and rectum, 336 

Wilson, C. L. : Lesions ot supraspinatus tendon j 
degeneration, rupture and calcification. 307 
Wilson, E. H. : Behabllitation in wartime 
Britain, 7SS 

Mlnter, E. A.: Deleterious effects of anoxia 
on liver of hyperthyroid animal. 171 
Wire fixation ot fractures of proximal third of 
humerus, 67S 

Wounds: See also Medicine, Military: War 
healing; effect ot sterile abscess on fibro- 
plasia in wound healing, 40 
thoracoabdominal gunshot wounds ; review 
of S4 cases. 59 
Wrist, anatomy of, 96 
Madelung’s deformity, 97 
roentgenography of, 93 

Zabinski, E. J. : Delayed splenic rupture : clini- 
cal syndrome following trauma : report ot 
4 cases with analysis of 177 cases collected 
from literature, 1S6 
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ALL COTTON ELASTIC BANDAGE 



Promo All-Cotton Elastic Bandages are the cbolcc in clinical 
and oflSce treatment of conditions requiring support for muscles, 
bones and joints. 

Each bandage is supplied with two clips, specially designed to 
avoid the necessity of using pins or adhesive. 

These bandages are cool and comfortable. They contain no 
rubber. They are made in the United Slates of America, by a 
special weave that gives them the desired elasticity. The absence 
of, rubber makes these bandages porous and cool, nevertheless, 
they retain their elasticity. 
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